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Background: Lung cancers with air lucency are poorly understood, often recognized only after substantial
progression.

Methods: From a systematic review (PubMed and EMBASE, 2000-2022, terms related to cystic, cavitary,
bulla, pseudocavitary, bubble-like, date 10-30-2022) 49 studies were selected using broad inclusion criteria
(case series of >10 cases up to trials and reviews). There was no source of funding. Primary evidence
relevant to clinical management issues was assembled. Because data was available only from heterogeneous
retrospective case series, meta-analysis and formal risk-of-bias assessment was omitted. A framework was
developed to guide clinical management based on the available data.

Results: Demographic, smoking and histologic differences suggest that cystic, cavitary and bullous lung
cancers with air lucency may be distinct entities; insufficient data leaves it unclear whether this also applies
to pseudocavitary (solid) or bubble-like (ground glass) cancers. Annual observation of irregular thin-
walled cysts is warranted; a surgical diagnosis (and resection) is justified once a solid component appears
because subsequent progression is often rapid with markedly worse outcomes. Bubble-like ground glass
lesions should be managed similarly. Cavitary lesions must be distinguished from infection or vasculitis, but
generally require needle or surgical biopsy. Pseudocavitary lesions are less well studied; positron emission
tomography may be useful in this setting to differentiate scar from malignancy. Further research is needed
because these conclusions are based on interpretation of retrospective case series.

Conclusions: The aggregate of available evidence suggests a framework for management of suspected lung
cancers with air lucency. Greater awareness, earlier detection, and aggressive management once a solid component
appears are needed. This review and framework should facilitate further research; questions include whether
the suggested entities and proposed management are borne out and should involve clearly defined terms and
outcomes related to progression and treatment. In summary, a conceptual understanding is emerging from

interpretation of available data about a previously poorly understood topic; this should improve patient outcomes.
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Introduction

Typically, non-small cell lung cancer (NSCLC) presents
as a solid or subsolid ground glass (GG) nodule; a less
known presentation is lung cancer with air lucency (LCAL).
This knowledge gap has significant implications: 23% of
missed or delayed diagnoses in a lung cancer screening trial
involved an LCAL (1).

We undertook a systematic review of published literature
on LCAL to address this issue, focusing specifically on
the biologic behavior in order to develop a framework for
clinical management.

Various terms have been used in association with LCAL,
including lung cancers associated with cystic airspaces,
cavities, bullous emphysema, and lung cancers with a
“bubble-like” appearance and pseudocavitation. While
lung cyst, cavity, pseudocavity, and bulla have specific
formal definitions (2), these terms are often used loosely
(interchangeably) in association with LCAL. Therefore, we
included evidence related to any of these entities—using
the term “lung cancer with air lucency” (i.e., LCAL) to
refer to the entire spectrum of these lesions. We avoid the
term airspace, which has a defined meaning in an imaging
context (2). We present the following article in accordance
with the PRISMA reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-22-1199/rc).

Highlight box

Key findings

e LCAL appears to encompass different entities with respect to
demographics, risk factors, imaging appearance, and biologic
behavior.

* Progression of a solid component of LCAL is often rapid and
associated with nodal involvement and worse outcomes.

¢ Additional pulmonary sites of lung cancer are reported in ~1/3rd

of cases (both synchronous and metachronous).

What is known and what is new?

* LCAL:s are poorly understood lesions, often not recognized until
after marked cancer progression has occurred.

* We propose a categorization and a framework for management

based on aggregated available evidence.

What is the implication, and what should change now?

*  We suggest serial imaging surveillance of irregular thin-walled
lesions with air lucencies; an initial phase of growth of the lucency
is often slow but variable.

e We suggest the development of (or growth of) a solid component
is a marker of progression that warrants intervention.
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Methods

A study panel was assembled consisting of early- through
late-career Chest Radiologists, Pulmonologists, and
Thoracic Surgeons without relevant conflicts of interest.
Study questions were defined from a clinical practice
perspective (Appendix 1). We conducted a systematic review
and analysis according to PRISMA standards (3) (provided
online). PubMed and EMBASE databases were searched
using terms related to cystic, cavity, bulla, pseudocavity, and
bubble-like, referring to pulmonary lesions (2000-2022,
details in Appendix 2). Studies were included that provided
information related to the questions, populations, outcomes,
and criteria described in Appendix 1. Specific inclusion
criteria for each table are listed in the legends. Because the
available evidence consists entirely of case series, all are
categorized as low-level evidence.

Due to the heterogeneity of the literature, a meta-
analysis was deemed inappropriate. Evidence is presented
along with relevant information about types of lesions,
patients, and settings to facilitate accounting for differences
and uncertainty when drawing overall conclusions.

Based on the review of available data on natural history,
progression, interventions, and outcomes, we developed
a clinical guide to patient management (details of the
process in Appendix 2). The proposals seek to balance
avoiding unnecessary intervention against consequential
delays in addressing a lung cancer. The proposed protocol
for observation, criteria for intervention, and approach to
management required a consensus of all panelists.

Results
Description/characteristics

Definition of terms

In this review, we adhered as closely as possible to the
Fleischner definitions of terms related to LCAL (2).
The definition of a cyst is a lucency within normal lung
parenchyma with a well-demarcated interface (of variable
thickness, usually <2 mm); a cavity is a lucency within an
area of pulmonary consolidation, mass, or nodule; a bulla
is a focal lucency >1 cm sharply demarcated by a thin wall
(<1 mm), typically associated with adjacent emphysematous
changes (2). Additionally, LCALs are sometimes described
as having pseudocavitation or a bubble-like appearance.
Pseudocavitation is defined as small (usually <1 cm)
oval or round areas of low attenuation within a region
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of consolidation, mass, or nodule, representing spared
parenchyma, normal or ectatic bronchi, or focal emphysema
rather than cavitation (2). Bubble-like is not formally
defined; it is often used when describing GG lesions but
sometimes also solid lesions. In this paper, “bubble-like
GG” specifically denotes small air lucencies within a GG
lesion and pseudocavitation within a solid/consolidated
region. Available evidence on bubble-like GG LCAL has
been reported together with other cystic LCAL.

Figures S1-S4 provides representative computed
tomography (CT) images of LCAL types. Cystic LCAL
can be thin-walled (0—4 mm), have a GG component, focal
wall thickening or nodularity, be circumferentially thick-
walled (>4-15 mm), or become mostly or completely solid.
Cavitary LCAL have thick irregular walls, presumably
representing a mass with central necrosis. Bullous LCAL
are contiguous with emphysematous bullae. Pseudocavitary
LCAL involves a solid/consolidated lesion as opposed
to bubble-like GG LCAL. Thus, the extent of the solid
component of LCAL is varied.

Application to published literature

Most reports use terms loosely and include a mixture of
types of LCAL. Seeking to achieve a uniform usage of
terms and facilitate comparisons, we assessed the tumor
descriptions, extent of solid components, and range of
lesions included in published reports (details in Appendix 3).
We categorized studies by predominant LCAL type,
applying terms as formally defined as well as possible to
published studies. There is a progression in the proportion
of smoke-exposed individuals and the proportion of
squamous carcinomas and other histotypes among studies
predominantly focused on cystic, cavitary and bulla-
associated lung cancers—suggesting these are not simply
different presentations or states of progression of a single
entity. To facilitate interpretation of the aggregated
evidence, the categorization by predominant LCAL type
and solid tumor extent of individual studies is included in
the tables.

Incidence

The reported incidence of LCAL ranges from 1-18%
(Table S1) (4-19). Studies primarily involved surgical
patients; all cases were histologically proven lung cancer.
The incidence is ~1-4% in studies involving predominantly
cystic LCAL (4-8) vs. ~5-15% in studies involving
predominantly cavitary, pseudocavitary, or bullous LCAL
(9-19). In studies reporting a high incidence (>10%), the
number of comparator cases seems low for unclear reasons
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(given volume characteristics of those institutions). No
regional or temporal patterns in incidence are apparent.

Patient and tumor characteristics

The lobar distribution of LCAL mirrors the proportional
size of the lobes (Figure S5). The distribution is similar
among studies involving predominantly cystic vs. cavitary
LCAL,; data on pseudocavitary or bullous LCAL is limited
(15). Approximately 66% of cystic LCAL are in the outer
1/3" of the lungs (4,20,21).

The reported median age is 52-71 years (Appendix 3,
Table A), but the age range is broad and includes patients
in their 20s and 30s. The sex distribution varies widely
(Figure 1) (4-14,17-29). The proportion of never-smokers
also varies widely, partially reflecting the general smoking
prevalence in the study regions (Figure 1, Appendix 3
Table A). Studies involving predominantly bullous LCAL:s
report a markedly higher proportion of men and smoking
exposure.

Cystic LCAL are mostly (~90%) adenocarcinomas; the
proportion decreases markedly among studies involving
predominantly cavitary and bullous LCAL (Figure 1,
Appendix 3 Table A). A wide range of histotypes are
reported sporadically [e.g., carcinoid (6,14), small cell
(14,17,18), pleomorphic carcinoma (12), sarcomatoid (21,
29), lymphoma (20,25), lymphangioma (30)]. Studies almost
exclusively involve resected patients. As expected, most
cases are stage pl (Figure 1, Appendix 3 Table A); this is
less pronounced among studies involving predominantly
cavitary or bullous LCAL (which involve tumors with a
larger solid component and broad inclusion criteria). The
rate of node involvement increases as the solid component
of the primary tumor increases (5,12). However, whether
pIII-IV cases are categorized as such because of additional
foci in other lobes or nodal and distant metastases is unclear.

A high rate (~30%) of prior or synchronous separate
lung cancers is noted among studies addressing this issue
(8,27,28). Furthermore, additional cysts or GG nodules are
reported in ~50% of patients (8,27,28).

Etiology

Limited and conflicting data leave it unclear whether LCAL
is merely an unusual presentation of “regular” NSCLC
or a distinct entity. Many studies comparing LCAL and
contemporary surgical non-LCAL patients note differences
with respect to sex, smoke exposure, and stage, but some
show no differences (Table S2, Figure S6). There is little
difference with respect to average age. These observations
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Patients and tumor characteristics grouped by predominant type of LCAL. Insufficient data is available for pseudocavitary LCAL. Results

are depicted as an average (and maximum and minimum of individual studies) among the studies included in Appendix 3 Table A.

Adeno, adenocarcinoma; Ad-Sq, adenosquamous carcinoma; LCAL, lung cancer with air lucency; Squam, squamous carcinoma.

References (4-14,17-29).

apply primarily to cavitary- or bulla-associated LCALs; data
is limited for cystic LCAL. Data on genetic characteristics is
too limited to make an assessment. Data on adenocarcinoma
subtypes is conflicting: one study (13) found no difference
in LCAL vs. non-LCAL tumors while another found
statistically significant differences (10).

Speculative mechanisms regarding how the air lucency
of an LCAL arises include central necrosis (perhaps due
to insufficient blood supply), a check-valve phenomenon
(airway obstruction leading to air entrapment), and cancer
developing adjacent to a pre-existing bulla (perhaps
related to chronic inflammation). There is some evidence
consistent with each of these hypotheses in various studies
(8,20,22,23,25,31). The data is vague and circumstantial;
more than one mechanism may exist (8). However, it
is unclear how defining a pathophysiologic mechanism
underlying LCAL affects management.

Natural history

Cystic LCAL

A pattern of progression is emerging for cystic LCAL.

When a precursor is seen, it is frequently a GG nodule,

transforming over a median of 16 months into a thin-walled

cyst, with or without a surrounding GG component (5,8,14).
The next phase of change is enlargement of the cystic air

lucency without thickening of the wall in the study by Jung

et al. (5). Typically, this occurs slowly (doubling in diameter

over 3-10 years). But in ~1/3™ of cases, doubling occurs
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over 1-2 years, and in another ~20%, such rapid growth
is observed after many years of stability. Development of
a solid component without prior growth of the cystic air
lucency occurs rarely (5). Other studies loosely corroborate
this pattern of early progression (6). After development of a
solid component, the size of the cystic air lucency generally
decreases (Figure 2) (5).

The most significant change appears to be development
of a solid region (i.e., a nodule or wall thickening). Once
a solid component has appeared, progression occurs at
a variable but often rapid rate (Figure 2). Jung et al. (5)
observed doubling of the solid component thickness
by 3 years in almost all cases; size doubling occurred in
<12 months in ~2/3™ of cases. Fintelmann et /. (8) noted a
volume doubling time (VDT) of ~250 days in progressing
lesions (how VDT was measured is unclear).

"The most ominous phase of progression is circumferential
and/or more substantial wall thickening, or transformation
into a completely solid nodule (Figure 3) (5,12). The time
course of this phase of change is unclear. Other studies
loosely corroborate this pattern of progression (4,28).

Most studies of cystic lucencies that developed a
solid component have reported further progression in
the vast majority (especially if observed >12 months)
(4-6,28). However, most reports included only histologically
confirmed (i.e., resected) cancers, thus excluding cases
that were not suspicious and remained so. Some studies
noted stability in ~20-30% of cystic lesions (including
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Figure 2 Progression of air-filled and solid components.

Patterns and rates of progression of air-filled and solid components. The reference point is the appearance of a solid component in a

longitudinal assessment of patients with LCAL.

LCAL, lung cancer with air lucency.

Reproduced with permission from Jung ez 4., Ann Surg Onc 2020 (5).
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In 2 studies reporting this information, the incidence of negative prognostic factors increased markedly with development of an increasing

solid component (A) by type of progression and (B) by solid size at time of resection. The horizontal axis represents mm of size or percent
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Micropap, micropapillary adenocarcinoma subtype; path, pathologic; poor/undiff, poorly or undifferentiated carcinoma; p-size >3 cm,

percent of patients with pathologic tumor size >3 cm; Solid, solid adenocarcinoma subtype; Vasc Inv, vascular invasion.

Data taken from Jung ez al., Ann Surg Onc 2020 (5) and Shigefuku ez al., 7 Thor Dis 2018;10:973-83 (12).

some with nodularity or wall thickening), but the duration
of observation was not reported) (8,28). Thus, whether
circumstances exist that ensure ongoing stability is unclear.
Multiloculated or bubble-like GG LCAL

There is insufficient data to define the natural history of

© Journal of Thoracic Disease. All rights reserved.

multiloculated cystic or bubble-like GG LCAL. One study (8)
notes that multiloculated cysts most often developed
from a uniloculated cyst; rarely, multiloculated cysts
become single cystic spaces. Jung er al. (5) vaguely imply
that multiloculated lesions are a late manifestation of
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progression.

Cavitary, bullous, pseudocavitary LCAL

Limited data is available on progression of cavitary LCAL;
over a mean of 16 months 87% progressed, including 24%
that became completely solid (28). A volume doubling time
of ~3.5 years was reported among 9 patients with what
appears to be mostly pseudocavitary LCAL (32). No data is
available on the progression of bullous LCAL.

Stage progression during observation

Little data is available regarding stage progression during
observation. Anecdotally, both development of mediastinal
node involvement and lack thereof has been described
during 1-2 years of observation of cystic LCAL (23). The
incidence of node involvement increases as the solid size
increases (0, 15%, and 42% for <4, 4-15, and >15 mm wall
thickness, respectively, in predominantly cavitary LCAL) (12).
Comparing across studies, the incidence of stage II-IV is
higher in studies involving more extensive tumors (e.g.,
predominantly cystic vs. cavitary or bullous LCAL; see
Figure S7, Appendix 3 Table A).

Clinical management

Differentiating benign vs. malignant lesions
There is a substantial overlap in the CT appearance between
benign and malignant lesions with air lucencies (33),
no single radiographic feature reliably differentiates these.
A 1980 analysis of chest radiographs (CXR) suggested a
wall thickness of >4 mm was a marker of malignancy (34).
Recent studies involving CT scans report conflicting results
regarding wall thickness as a differentiator (31,35,36).

Considering clinical aspects together with radiographic
features is more clinically relevant (e.g., signs/symptoms
of infection, immunocompromised state, autoimmune
disease, endemic exposures) (33). Acutely ill patients or
those with one (or more) rapidly progressive lesions with air
lucencies warrant an infectious and/or inflammatory work-
up (and are outside the scope of this paper). Our analysis
addresses patients in a stable state of health noted to have
an air lucency. The clinical presentation generally allows
initial triage towards further testing or surveillance in most
patients; a correct clinical diagnosis is made in ~80% by
experienced radiologists and clinicians (37). Observation for
progression vs. stability (or regression) is arguably the best
differentiator between benign and malignant lesions with
air lucencies.

A mental construct of the appearance and evolution of
various lesions with air lucency is shown in Figure S8, based

© Journal of Thoracic Disease. All rights reserved.
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on well-established observations (e.g., general stability of
simple cysts, pattern of progression of cystic LCAL, and
subacute/chronic inflammatory processes) and presumptions
(e.g., cavitary LCAL arising from central necrosis of a
solid lesion, lung cancer arising adjacent to preexisting
bullae appearing as a bullous LCAL). This schematic
suggests that earlier detection and observation of changes
may allow identification based primarily on imaging. Late
manifestations are difficult to differentiate by imaging (but
generally warrant definitive diagnosis—i.e., invasive biopsy).
Diagnostic tests

"F-fluoro-2-deoxy-D-glucose positron emission
tomography (FDG-PET) has limited utility in early
diagnosis of LCAL, but most LCAL with a substantial
solid component are metabolically active. In one study
predominantly involving fairly extensive cavitary lesions,
67% (14/21) showed moderate/marked FDG uptake;
in most initially FDG-negative lesions moderate/
marked uptake ensured over 12-24 months as the lesion
progressed (28). Moderate/marked FDG uptake was confirmed
in another study involving thick-walled cavitary LCAL (38).
However, in a study involving predominantly thin-walled
cystic tumors, 83% (5/6) had no FDG uptake (24). A study of
predominantly pseudocavitary LCAL reported generally low
FDG uptake (15). Studies with a broad range of the extent of
the solid component report varied results (27).

"To assess the efficacy of invasive diagnostic procedures,
we defined 3 outcomes as most clinically relevant. First,
a result was considered helpful if it clarified appropriate
further management (treatment of malignancy, specific
antibiotics, or that no intervention was necessary); non-
diagnostic or nonspecific results were considered unhelpful.
Second, sensitivity was defined as the rate of a correct
diagnosis leading to a specific treatment among cases with
an infection or malignancy. Lastly, we tracked the rate
of missing a malignancy or an infection (among all non-
diagnostic and non-specific results).

Reports of CT-guided biopsies (1able 1) involve both
thin-walled cystic lesions and thicker cavities, and include
core biopsy, needle aspiration, and needle washing
(cytology/microbiology of saline used to wash a cavity)
(15,39-44). Biopsies of cystic/cavitary lesions are reasonably
safe (chest tubes inserted in 0-9%, pneumothorax in
6-27%); using a smaller needle (22-gauge) may lower
complications slightly. Biopsy results were helpful in ~75%
of cases in larger studies. The sensitivity for diagnosing
cancer or a specific infection was high (~90%). However,
a substantial false negative rate (~10-30%) for cancer or
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Table 1 Reliability of Biopsy of Lesions with Air Lucency
Ordered by predominant lesion type, biopsy technique
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reference n 2 2 a 3 S X X X3 X X
Shin (39) 32 Core 18-20 Cyst <4 27 3 69 88 25 13
Nakahara (40) 26 Wash 22 Cyst <4 7 0 77 90 29
Belet (41) 16 Wash 22 Cyst <5 6 0 44 88 11 0
Kiranantawat (42) 53 Asp ¢ 19 Cav Ext 25 9 81 88 30 30
Zhuong (43) 102 Asp 18-20 Cav Ext 9 - 79 89 29 19
Black (44) 12 Wash 22 Cav - 8 0 83 100 (50)° oy
Kojima (15) 21 Bronch - PsCav Ext - - 33 33 - -

Inclusion criteria: studies reporting diagnostic reliability in =10 cases of lesions with air lucency 2000-2022.

?, considered helpful if result clarified appropriate further management (treatment of malignancy, specific antibiotics, or that no intervention
was necessary); °, sensitivity refers to the rate of a definitive diagnosis (specific benign or cancer diagnosis) among all cases; ¢, among
non-diagnostic and non-specific cases (includes “suspicious” cases); ¢, additional Core needle biopsy in 34%; ©, <5 patients (in

parentheses because calculating a percentage is questionable).

Asp, percutaneous needle aspirate; Bronch, bronchoscopy; Cav, cavitary; Core, core needle biopsy; Ext, extensive; FN, false negative
rate; PsCav, pseudocavitary; Wash, percutaneous needle puncture/washing of the air cyst.

infection remains among non-diagnostic and non-specific
cases. Itis not clear that larger biopsies have a higher yield;
one study reported that core biopsy yielded no additional
information over needle aspiration (median wall thickness
12 mm) (42). Conflicting results are reported whether yield
is associated with wall thickness (39,42,43).

Observation protocol

A proposed observation protocol is shown in Table 2,
based on available data on natural history, progression,
and outcomes. The protocol seeks to balance avoiding
procedures for benign lesions and timely intervention when
malignancy is suggested.

Benign thin-walled pulmonary cysts are common,
increasing slightly with age (5% age 40-50 years, rising
to 13% age >80 years) in a longitudinal population cohort
study (45). These are mostly solitary, peripheral, round
or oval cysts in the lower lobes, and not associated with
smoking or emphysema. Most cysts remained stable (median
interval 6 years), but increased in size (>2 mm) in 36%
and rarely decreased (45). No progression to cancer was
reported in this cohort (45).

A prolonged course of regular observation of irregular
cystic lesions is warranted. The natural history data of
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cystic LCAL suggests that progression is often rapid
once a solid component appears. The observation that
in a screening context, more LCAL are seen in annual
repeat rounds than at baseline also suggests an aggressive
nature (6). A substantial solid component is associated with
markedly worse survival (see subsequent Outcomes section).
Therefore, an observation protocol should be sufficiently
intensive to allow early intervention. We suggest bubble-
like GG lesions be observed in a manner similar to thin-
walled cystic air lucencies with a non-uniform wall.

The approach to a (thick-walled) cavitary lesion depends on
the context and presumptive diagnosis. If the patient has signs/
symptoms of vasculitis or infection or is immunosuppressed,
regression with appropriate treatment is likely. Persistence
despite antibiotic/anti-inflammatory treatment generally
warrants further diagnostic work-up. Malignancy should be
suspected in a cavity occurring in the absence of infection or a
systemic disease associated with pulmonary lesions.

A typical bulla—a thin-walled air lucency with
surrounding emphysema—warrants no imaging follow-
up. However, if such a bulla has a significant adjoining
solid nodule (>4-8 mm on lung windows), we propose
surveillance similar to the Fleischner high-risk protocol (46).

There is little information regarding the behavior
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Table 2 Proposed protocol for observation of lesions with air lucency

Detterbeck et al. Lung cancer with air lucency

Clinical scenario

Observation protocol™”

Justification

Simple cyst—round, paper-thin wall, within normal
lung parenchyma

None needed

Common benign finding

Thin-walled cystic air lucency, irregular shape (not
round or oval)

Thin-walled irregular cystic air lucency...
evolving from a GG lesion
or with surrounding GG;
or with non-uniform wall
or bubble-like GG/multiloculated cyst

Thin-walled irregular cystic air lucency with small
solid component (<6 mm on LW or <2 mm on MW)

LDCT g1 yr x5;
if increasing air cyst size —
continue LDCT g1 yr till 10 yrs (total)

LDCT g6 mo. x2;
if no change — continue LDCT g1
yr till 10 yrs (total)

LDCT g3 mo. x2; then in 6 mo., then
q6-12 months for 1 yr
if no change over 2 yrs — continue
LDCT g1 yr till 10 yrs (total)

Low suspicion, likely benign, but some
LCAL initially progress slowly

Suspicious lesion; rapid progression
often ensues

Highly suspicious lesion

Thick-walled cavitary lesion and clinical setting
consistent with infectious or inflammatory process

Short interval LDCT (~6-8 weeks)

Possible resolution over time

Bullous emphysema with no or <4 mm nodule (LW)

Regional bulla/emphysema with adjoining 4-6 mm
solid nodule (LW)

Regional bulla/emphysema with adjoining 6-8 mm
solid nodule (LW)

None needed; optional LDCT in 1 yr
if a <4 mm nodule exists®

LDCT g1 yr x2°

LDCT g6 mo. x2, then in 1 yr°

Common benign finding

Probably benign but cautious approach
given limited data in setting of adjoining
bulla

Suspicious lesion; surveillance similar to
high-risk lesion by Fleischner Society

Pseudocavitation (<1 cm lucencies in solid/
consolidated region (usually ~2 cm)
(total)®

PET, if no/low activity — LDCT in
3-6 mo. then g6-12 mo. till 2 yrs

Moderately suspicious but generally
large and solid enough for reliable PET
assessment

GG, ground glass; GGN, ground glass nodule (pure GG, heterogenous on LW, or part-solid on MW); LCAL, lung cancer with air lucency;
LDCT, low-dose computed tomography (non-contrast); LW, lung window setting; mo, months; MW, mediastinal window setting; PET,

"®F_fluoro-2-deoxy-D-glucose positron emission tomography; yr, year.

2 CT scans should be done with thin slice thickness (<1 mm); °, ongoing annual surveillance may be warranted in patients meeting criteria for
LDCT screening for lung cancer; °, further annual surveillance may be warranted if suspicion of a slowly progressing lung cancer remains.

of pseudocavitary (solid) lesions on which to base a
surveillance protocol. In the absence of prior imaging,
we suggest further investigation (e.g., FDG-PET) upon
initial detection of a pseudocavitary lesion. If residual scar
is suspected (low FDG uptake or stability), we propose
ongoing surveillance for >2 years, with an initial interval of
3—6 months depending on the level of confidence (e.g., lack
of FDG uptake is less reliable in <2 cm lesions).

Triggers for diagnostic evaluation and clinical management
Cystic lesions

We propose that for a cystic air lucency, intervention
is warranted upon appearance of a solid component
(Figure 4, ‘luble 3). This is based on several arguments: (I)

© Journal of Thoracic Disease. All rights reserved.

the solid component growth rate is often rapid (although
variable), (II) node involvement increases substantially
with development and progression of the solid component,
and (III) survival decreases with progression of the solid
component. The evidence for this comes primarily from 2
retrospective studies (5,12), which parsed oncologic features
and survival by patterns of change of predominantly cystic
LCAL (Figure 3). Other studies involving both cystic
and cavitary LCAL provide indirect evidence supporting
intervention before progression of a solid component (4,47).

Would intervention once growth of a thin-walled
cyst (without a solid component) occurs be even better?
Arguments against this include: (I) clear criteria aren’t
available differentiating benign from malignant cysts, (II)
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Triggers for Intervention and Clinical Management
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bubble-like GGN
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/ resection bronchoscopy, surgical; resection; +PET evaluation /
+ CT-NA/wash Resection  +PET +CT-NA, bronchoscopy management

Figure 4 Proposed criteria for diagnostic evaluation and clinical management.

CT-NA, CT guided needle aspiration or biopsy, possibly including wash of the air-filled space; GGN, ground glass nodule; PET; **F-fluoro-

2-deoxy-D-glucose positron emission tomography.

often growth of the air lucency of a cystic LCAL is very
protracted, and (III) the risk of a potential malignancy must
be balanced against the risk of an intervention and other
potential serious conditions.

We propose the following definition of a solid component
as an indication for intervention: >6 mm on lung windows
(or >2 mm on mediastinal windows) by greatest dimension
on a thin slice (~1 mm) CT. In the absence of a focal nodule,
the maximal wall thickness should be measured. This
mirrors what has been proposed for GG nodules (48). We
speculate that the greatest dimension of a solid component
may be the most useful criterion for progression of a cystic
LCAL (vs. degrees of partial circumference thickening or
progression of a surrounding GG component). Judging by
images of LCAL in published series, intervention at the
point of the proposed criteria would be much earlier than in
most reported cases.

We propose that a surgical biopsy is generally best once
progression consistent with a cystic LCAL is observed
(Figure 4, 'Table S3). In such LCAL, FDG-PET is not useful
(little avidity), and needle aspiration is unlikely to alter the
need for resection (a specific benign diagnosis is unlikely and
a non-specific result has a substantial false-negative rate).
Cavitary lesions
Cavitary lesions have a substantial solid component by

© Journal of Thoracic Disease. All rights reserved.

definition. When the clinical setting makes lung cancer
more likely than infection or vasculitis (e.g., lung cancer risk
factors, lack of signs/symptoms of infection, or predisposing
conditions), we propose pursuing a diagnostic evaluation
upon initial detection (7able 3). If the clinical setting makes
infection or vasculitis more likely, re-imaging after a short
interval is reasonable; intervention is warranted if the lesion
persists and certainly if it progresses (even if it is benign).
These proposals are based on a high clinical concern of
malignancy and generally poor outcomes (47)—presumably
worse with further delay.

If the suspicion of a cavitary malignancy is high, we
propose a surgical approach to diagnosis is justified; if
an inflammatory cause is likely, a CT-guided biopsy is
recommended (Figure 4, Table S3). However, a non-specific
needle biopsy result must be pursued further due to a
substantial false-negative rate. FDG-PET has little utility
for diagnosis (likely positive in benign and malignant cases);
however, FDG-PET may be useful as a staging evaluation
of cavitary LCAL.

Bullous lesions

A larger nodule in a region of bullous emphysema in a patient
with risk factors for lung cancer would generally justify a
diagnostic evaluation at initial detection. FDG-PET may be
helpful in larger lesions to differentiate scar vs. malignancy

7 Thorac Dis 2023;15(2):731-746 | https://dx.doi.org/10.21037/jtd-22-1199
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Table 3 Triggers for intervention

Detterbeck et al. Lung cancer with air lucency

Clinical scenario

Trigger

Justification

Thin-walled irregular cystic lucency

Thin-walled irregular cystic lucency
with small solid component (<6 mm
on LW, <2 mm on MW)

New solid area (=6 mm on LW or =2 mm on MW)

Progression of solid component (1 nodule size, wall
thickness, or portion of circumference by =6 mm
on LW or =2 mm on MW)

High likelihood of lung cancer, outcomes
good if treated when only small solid
component

High likelihood of lung cancer, outcomes
good if treated when only small solid
component

Cavitary lesion (without clinical
signs of acute infection or systemic
inflammatory disease)

Persistence after 1-2 months

Progression after 1-2 months;
Upon initial detection if clinical likelihood of
infection is low and with risk factors for lung cancer

High likelihood of lung cancer or
inadequately treated benign etiology

High likelihood of lung cancer and
concerning outcomes; presumably
worsened by further delay

Pseudocavitary appearance in a solid
or consolidated area

Upon initial detection

Limited data; generally larger size
suggests more investigation is justified

Regional bulla / emphysema with
adjoining 4-8 mm solid nodule (LW)

Regional bulla / emphysema with
adjoining larger solid nodule (>8 mm LW)

Upon initial detection

Progression of the solid nodule

High suspicion for lung cancer; outcomes
presumably worsened by further delay

High suspicion for lung cancer; outcomes
presumably worsened by further delay

LW, lung window setting; MW, mediastinal window setting.

or infection, but a negative FDG-PET requires further
surveillance. We propose serial CT imaging for a small
nodule, given challenges in performing a needle biopsy and
the false-negative rate of FDG-PET; if the lesion progresses,
a definitive diagnosis becomes necessary (Zable 3).

We suggest a definitive surgical biopsy is best for larger
or progressing nodules with adjoining bullae or regional
emphysema (i.e., high suspicion of cancer), whereas those
concerning for infection should undergo a needle or
bronchoscopic biopsy (Figure 4, Table S3). In the latter
scenario, a non-specific biopsy result will generally demand
a definitive surgical biopsy. FDG-PET is unlikely to avert
the need for definitive histologic/microbiologic diagnosis
in progressing lesions, but may be useful as a staging
evaluation when malignancy is suspected.

Pseudocavitary lesions

We propose that a pseudocavitary appearance in a solid
or consolidated area be considered suspicious enough to
warrant investigation. We suggest FDG-PET as a first
step with the rationale that FDG-PET may be useful in
differentiating malignancy from scar, given the generally
larger size of such lesions. Serial imaging for several years is
warranted if FDG-PET is negative; if there is FDG uptake,
a tissue diagnosis should be pursued.

© Journal of Thoracic Disease. All rights reserved.

Definitive treatment recommendations

Most reported LCAL have been managed by resection
(lobectomy > segmentectomy > wedge), only sporadically
by ablative techniques or systemic therapy. Direct
data comparing treatments was not identified—thus
recommendations are based on extrapolation from potentially
relevant similar tumors and rationale. Reasonable speculation
is that data from the recent Japan Clinical Oncology Group
study JCOGO0802) (49) (a randomized controlled trial of
segmentectomy vs. lobectomy for <2 c¢cm tumors that are
partially GG up to completely consolidated) may apply to a
LCAL with a small solid component; The JCOGO0802 study
reported similar overall survival (OS) and recurrence-free
survival (RFS) for lobectomy and segmentectomy. This is
balanced against the general data for solid cI NSCLC that
suggests survival is incrementally worse after lobectomy vs.
segmentectomy vs. wedge vs. ablation (50,51). The high
frequency of additional lung cancers suggests a need to
balance management of the LCAL at hand with the ability to
address future cancers.

We propose that segmentectomy may be best (if
anatomically suitable) if intervention is undertaken at the
first appearance of a solid component (based on infrequent
node involvement and a propensity for additional lesions).
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We propose a pathologic margin of >1 c¢m be sought
(extrapolating from traditional lung cancers) (50). For
LCAL with more substantial solid components, we
suggest a lobectomy is best (based on the high rate of node
involvement and poor survival) (5,8). Regardless of the
type of resection, we suggest a systematic node sampling or
dissection be performed.

We propose that lobectomy may be best for
predominantly cavitary, pseudocavitary, or bullous LCAL.
This is based on the generally larger solid size of these
tumors, generally worse outcomes, no recognized propensity
to develop additional pulmonary foci, and lobectomy being
the traditional standard for early-stage NSCLC.

Very limited data is available regarding response to
systemic therapy. One study noted a >50% response to
neoadjuvant therapy in 6 of 6 patients (without reporting
what was given) (52). A response to immunotherapy (+
chemotherapy) was observed in 2 of 3 patients (53). A
response to tyrosine kinase inhibitors has also been reported
(7,24). Assessment of response is difficult in these lesions,
in which the air lucency component complicates the usual
measurements. A method of response assessment has been
proposed, based on either the area or volume of the solid
component (52).

Long-term outcomes

Several studies report that long-term outcomes are markedly
different for resected cystic LCAL with thin walls vs. a
growing solid component and especially vs. thick-walled or
mostly solid lesions (Figure 5) (5,12). This is consistent with
the dramatically increasing rate of node involvement along
this progression towards more substantial solid components
(Figure 3). Other studies corroborate this (54).

Long-term outcomes by predominant type of LCAL
or stage are not well-defined; data is limited and based on
various historical editions of stage classification. A study
involving predominantly cystic LCAL found a 5-year RFS
of 87% (86% underwent lobectomy, 92% were NO) (54).
Studies involving predominantly cavitary LCAL report
5-year OS of ~40-70% for all stages (~80% for pl)
(9,10,12,13,21). In studies with predominantly bullous
LCAL, 5-year OS is ~50-90% (all stages) and ~65-85%
for pI, ~40% for plI (17-19). The resection extent was
unclear in these studies but presumably primarily involved
lobectomy. One study involving pseudocavitary LCAL
reported surprisingly good results: 5-year OS of 100%
and RFS of 95% (26 patients, 92% underwent lobectomy,
average tumor size 35 mm) (15).

© Journal of Thoracic Disease. All rights reserved.
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Several studies compare survival after resection of cystic/
cavitary cancers to NSCLC in general (all stages combined),
with some noting worse survival for LCAL (9,10), some
the opposite (17,54), others no difference (18), or results
varying by stage (19). How stage was defined in the latter
study is unclear, given the common occurrence of additional
lesions and uncertainty how size is measured. The current
staging system counts only the solid or invasive tumor (55)
but how to report this for LCAL is undefined.

The pattern of recurrence is unclear. Several studies
(involving predominantly cavitary LCAL) report more
frequent locoregional than distant recurrences (9, 10);
whether this involves regional nodes or additional
pulmonary sites is unclear. Case reports note diffuse bilateral
lung involvement without distant metastases (56-58);
others document extrathoracic metastases (24,59),
sometimes even with primary sites with only a limited solid
component (23,24).

Prognostic factors are not well-defined. Two studies
involving predominantly cavitary LCAL reported that wall
thickness was prognostic for OS in multivariate analysis
(12,47) (in addition to node status in one) (47). One study
noted a univariate association of RFS with total size (solid
plus air components) among thicker or nodular cystic
LCAL (54).

Discussion

The incidence of LCAL is not insignificant, yet they are not
well understood. LCAL are often recognized in retrospect
when substantial progression has occurred and outcomes
are disappointing. Improved understanding of the biologic
behavior of LCAL and early recognition are needed.
This prompted us to undertake a comprehensive review
and develop a framework for clinical management. Key
conclusions are summarized in the Highlight box.

Providing a clear summary of the topic is difficult
because the available evidence is limited and muddled. It
appears that LCAL encompasses a mixture of entities in
many reports—probably because of similar imaging features
in later stages of progression. We propose considering
cystic, cavitary, and bullous LCAL as potentially distinct
entities, but acknowledge this is based on an intuitive
impression of available studies. Whether tumors with
small (<1 cm) air lucencies in solid/consolidated lesions
(pseudocavitary LCAL) are part of this spectrum is unclear.
Small air lucencies in a GG nodule (bubble-like GG) seem
to be part of cystic LCAL.
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The finding that different authors mean different things
by terms associated with LCAL seriously undermines our
ability to communicate about the topic. In our review,
we have adhered as much as possible to the Fleischner
definitions (2). We consider particularly important features
of the terms to be: cystic—irregular shape, and (at least
initially) relatively thin-walled; cavitary—irregular thick-
walled; bullous—within a region of emphysematous lung
parenchyma; pseudocavitary—small (<1 cm) air lucencies
within a dense mass, nodule or consolidation; bubble-
like—small air lucencies within a GG lesion. We urge
future authors to adhere to a standard definition such as
Fleischner, or at least to clearly define what they mean by
the terms used.

We think it is premature to attempt to articulate a
definition of separate entities. Further assessment by the
broader community is needed to corroborate or refute
this mental framework. If a consensus emerges that the
framework has value, clinically applicable definitions can be
developed.

Imaging features are only one characteristic to consider.
The histotype may be a defining feature; one study noted
differences between squamous and adenocarcinomas
despite all being thick-walled cavities (11). Nevertheless,
outliers exist (thin-walled squamous LCAL or thick-walled
adenocarcinomas) (10,17,20,24-28). Genetic features are
relatively unexplored. However, the key is identification
of markers that predict tumor behavior—i.e., when to
intervene and how to treat these patients. Tabulating
occurrence of particular features is less helpful than linking
profiles to patterns of progression and long-term outcomes.

The relationship between cystic LCAL and ground
glass/lepidic (GG/L) adenocarcinomas is unclear. Indeed,
many cystic LCAL have a GG component. However, GG/
L lung cancers generally exhibit indolent behavior and
excellent outcomes (even when part-solid), whereas cystic
LCAL are generally reported to be aggressive with poor
outcomes when a solid component has appeared. Is this
merely a matter of widespread recognition of GG/L tumors
and early management vs. limited awareness of LCAL and
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late intervention? The reported high incidence of more
aggressive adenocarcinoma subtypes among more advanced
cystic adenocarcinomas suggests GG/L and cystic lung
cancers are different.

How to interpret the frequent occurrence of additional
lung cancers in patients with an LCAL is unclear. Multifocal
adenocarcinoma is a recognized entity; these are GG/L tumors
with a markedly diminished propensity for nodal and distant
metastases despite frequent additional pulmonary sites of
disease (60). These lesions are not viewed as a manifestation
of disseminated disease (and additional foci in the lungs are
classified as T(m) and not as T3, T4, or M1a) (60). Stage
classification of LCAL with respect to additional pulmonary
tumors has not been defined. The frequency of nodal and
distant metastases among LCAL suggests they should be
considered distinct from multifocal adenocarcinomas.

The updated Lung CT screening Reporting & Data
System (LungRADS) classification (November 2022,
version 2.0) for CT findings during lung cancer screening
includes for the first time lesions with air lucency (but
doesn’t include discussion of the data or rationale
underlying the classification and recommendations) (61).
LungRADS classifies an “atypical lung cyst” as category
3 (probably benign, recommend CT in 6 months) if thick
walled with a growing cystic component, category 4A
(suspicious, recommend CT in 3 months) if thick-walled or
multiloculated and category 4B (very suspicious, recommend
clinical/diagnostic evaluation) if there is increasing thickness
of a thick-walled cyst or a multiloculated cyst that is either
growing, becoming increasingly loculated or developing
a GG, consolidated or nodular component. Thus, the
wording of LungRADS primarily addresses thick-walled
and multiloculated cysts, and associates greater concern
with increasing overall size, loculation, thickness of thick-
walled lesions, and the development of new GG or denser
components.

Our review and recommendations were developed
independently, prior to the release of LungRADS version
2.0. Our recommendations are designed for a non-screening
context (i.e., incidentally discovered lesions in patients
regardless of smoking history and outside of an annual
surveillance setting), and focused on clinical management
(whereas LungRADS is primarily intended to codify
reporting of imaging studies). We separately proposed
a protocol for observation, triggers for intervention and
specific interventions. Furthermore, we parsed these
recommendations by changes in density, nodule size and
wall thickness to a greater degree than LungRADS. We
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concluded that the size of the air lucency component is
not particularly useful (other than to suggest continued
surveillance if growing), and focused on the development
or growth of a solid or consolidated component, even if
associated with a unilocular, thin-walled lesion with air
lucency. We may have focused too little on multiloculated air
lucencies (mostly because we could identify little published
data defining the risk and outcomes associated with such
lesions). Assessment of how well our recommendations as
well as those of the LungRADS panel function in clinical
application will surely lead to further refinements.

Conclusions

We hope this effort to collate and logically assemble the
available evidence provides a footing for progress and
facilitates further research. We expect this will reveal flaws
in our interpretation and way of thinking about these
tumors; we welcome this as a sign of more robust progress.
We hope this systematic review will stimulate interest
and lead to a better understanding in the future. For the
present, however, we aim to raise awareness, promote
earlier recognition, improve timing of interventions, and
achieve better outcomes for these patients.
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Table S1 Incidence of LCAL
Ordered by predominant LCAL type, tumor extent

Characteristics Study LCAL Cohort Comparator Cohort

1* author, Dominant  Tumor  Spectrum  Other Other

reference Years Source n type extent® breadth® criteria n Setting  criteria | Incidence
Shen (4) 15-16 Shanghai 123 = Cyst Lim Broad Ad 10,835 Surg NSCLC 1.1%
Jung (5) 04-17 Seoul 60 = Cyst Lim Broad Ad 1971 Surg Ad 3%
Farooqi (6) 93-09 ELCAP 26 = Cyst Lim Broad 706 ELCAP Lg Ca 3.7%
Guo (7) 07-12 Beijing 15 Cyst Lim - 3,268 Surg Lg Ca 0.5%
Fintelman (8) 10-15 Boston 30  Cyst Mod Broad 2,599 All ¢ NSCLC 1.2%
Kimura (9) 10-14 Kanagawa 12 Cav Mod Broad pl 275 Surg pl 4.4%
Watanabe (10) 98-07 Tokyo 143 Cav Mod Broad Ad 2,316 Surg Ad 6.2%
Kunihiro (11) 05-14 Yamaguchi 60 Cav Mod Broad Ad+ Sq 426 Surg Ad + Sq 14%
Shigefuku (12) 05-11 Tokyo 65 Cav Ext Broad 1,311 Surg NSCLC 5%
Chen (13) 09-14 Shanghai 227 Cav Ext Broad pl Ad 2,106 Surg plA Ad 10.8%
Byrne (14) 16-18 Vancouver 47 Cav Ext © Broad 431 Surg’ Lg Ca 10.9%
Kojima (15) 93-08 Kanagawa 26 PsCav Mod Broad Ad 1,462 Surg Ad 1.9%
Utrera (16) 07-17 Vigo, Spain 30 PsCav - - =2 cm 166 - Lg Ca 15.3%
Shinohara (17) 07-15 Nagoya 52 Bulla Mod Broad 291 Surg Lg Ca 18%
Hanaoka (18) 76-98 Kyoto 50 Bulla Ext - 1,478 Surg Lg Ca 3.4%
Kaneda (19) 98-08 Mie, Japan 19 Bulla V Ext Nar 445 Surg NSCLC 3.5%

Inclusion criteria: Studies reporting incidence of LCAL within a larger contemporary cohort of patients with lung cancer, involving
>10 LCAL patients 2000-2022.

Red font highlights study characteristics that may make it an outlier.

? categorization of extent of solid component (see Appendix 3); °, Broad or narrowly configured inclusion criteria. ¢, excluded 11% of
cases that did not have a prior CT >6 months earlier; ¢, 17% non-surgical, 17% wedge only resection; °, includes pathologic diagnosis of
cavity; ', excluded central cancers; includes patients evaluated for surgery (not all were resected).

Ad, adenocarcinoma; Cav, cavitary; Cyst, cystic; ELCAP, International Early Lung Cancer Action Project (a CT screening collaborative);
Ext, extensive; LCAL, lung cancer with air lucency; Lg Ca, lung cancer; Lim, limited; Mod, moderate; Nar, narrow; NSCLC, non-small cell
lung cancer; PsCav, Pseudocavitary; pts, patients; Sq, squamous carcinoma; Surg, surgical series (resected cases); V Ext, Very Extensive.
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Table S2 Comparison of LCAL and contemporary lung cancer patients
Ordered by predominant LCAL type, tumor extent

Inclusion Characteristics Average % Non- % Stage
N age % Men smokers % Adeno % Squam % Stage | 11
1% Author, doLmCi/::nt LCAL ingzhs?;n 2 E SI g S g é g (2;.' g S g é g f‘; g
reference Years Source type tumor extent (both arms) - e - © - © - © - © - © - © - ©
Farooqi (6,62) 93-09 ELCAP Cyst Lim Lung Ca 26 484 63 - 50 - - - 92 71°¢ 4 14° 81 85 12 -
Fintelman ® (8) 10-15 Boston Cyst Lim NSCLC 30 2,924 66 65 40 46 3 20 80 - 13 - 60 - 23 -
Kimura ° (9) 10-14 Kanagawa Cav Mod pl NSCLC 12 263 67 68 75 53 17 38 67 80 25 15 - - - -
Watenabe (10) 98-07 Tokyo Cav Mod Adeno 143 2,178 63 65 68 49 34 54 - - - - 67 ¢ 76 ¢ 24 17
Chen °© (13) 09-14 Shanghai Cav Ext pl Adeno 227 1,879 59 61 48 39 93 94 - - - - - - - -
Byrne (14) 16-18 Vancouver Cav Ext Lung Ca 47 431 69 70 43 43 17 29 - - - - - - - -
Shinohara ° (17) 07-15 Nagoya Bulla Mod NSCLC 51 239 68 71 83 65 10 25 50 68 35 22 65 69 8 15
Hanaoka ° (18) 76-98 Kyoto Bulla Ext NSCLC 50 - 62 62 98 71 - - 42 53 26 34 62 42 12 43
Kaneda(1g) 98_03 J;pan o \}Ext Lungoa ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 19 ........... 445 61 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ et 1 00 ............... o . : . 62 47 335062 21 25 .

Inclusion criteria: all studies 2000-2022 reporting on >10 patients with LCAL as well as a contemporary cohort of lung cancer patients.
Bold indicates >5% higher proportion; Red font highlights study characteristics that may make it an outlier.
2 only stage | cohort data available; ®, followed for =6 months, eventually histologic diagnosis (but only excluded 11% due to limited observation); °, comparator is non-cystic cancers (i.e., LCAL cases excluded); ¢, NO cases

only.

Adeno, adenocarcinoma; Cay, cavitary; Cyst, cystic; Comp, comparator; ELCAP, International Early Lung Cancer Action Project (a CT screening collaborative); Ext, extensive; LCAL, lung cancer with air lucency; Lung Ca, lung
cancer; Lim, limited; Mod, moderate; NSCLC, non-small cell lung cancer; Squam, squamous carcinoma; V Ext, very extensive.

Table S3 Diagnostic evaluation and clinical management

Clinical scenario

Diagnostic approach

Justification

Thin-walled irregular cyst with new or
progressing small solid component

® Surgical biopsy and / or resection
e + CT needle aspiration/wash

¢ High likelihood of lung cancer, outcomes good if treated

when only small solid component

¢ High FN rate for needle aspiration and low chance of

specific benign diagnosis

¢ PET unlikely to detect the primary lesion or find occult

metastases

Cavitary lesion that is persistent,
progressing, or otherwise suspicious
for lung cancer

* CT needle aspiration / wash
* Bronchoscopy, surgical biopsy
o+ PET

e Likelihood of specific diagnosis (but negative results

warrants further intervention)

® PET likely positive at primary site regardless of etiology
(but may be useful for distant stage evaluation

Pseudocavitary appearance in a
solid / consolidated lesion

¢ PET; if negative — surveillance for
>2 years
 PET; if positive — tissue biopsy

e Major differential is scar vs active lesion; larger size

suggests low PET FN rate

Regional bulla/emphysema with
progressing or larger adjoining solid
nodule

e Surgical biopsy and / or resection
¢ + CT needle aspiration/wash
o+ PET

¢ High likelihood of lung cancer

¢ High FN rate for needle aspiration and low chance of

specific benign diagnosis

¢ PET can corroborate presumptive cancer diagnosis in
larger lesions and provide stage assessment

CT, computed tomography; FN, false negative rate; PET, positron emission tomography.
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Cystic Lung Cancer with Air Lucency
(o]

Benign Air Lucency (Solitary Cyst, Diffuse Cystic Disease, Bullous Emphysema)
EEEE | B - I

Figure S1 Representative CT images of cystic LCAL.

Representative examples of appearance of cystic LCAL. Cystic LCAL with (A) irregular thin wall; (B) surrounding GG; (C) slightly thicker
wall; (D) nodule (this patient had a destructive L4 spine metastasis); (E,F) septations / multiloculation. Examples of benign causes of air
lucency shown for comparison (such benign causes are not the focus of this review): (G,H) isolated round cyst; (I) lymphangioleiomyomatosis
(LAM); (J,K) Emphysema and Bullae.

Images reproduced with permission from: (A-F) Deng, Onc Lett 2018 (24); (G,H) Araki, Thorax 2015 (45); (I) Gillott, Semin Roentgenol
2015 (63); (J) Sheard, Radiographics 2018 (64); (K) from clinical experience.

GG, ground glass; LCAL, lung cancer with air lucency.
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Cystic Lung Cancer with Air Lucency

Figure S2 Representative CT images of progression of cystic LCAL.

Representative examples of progression of cystic LCAL. (A) Enlarging thin-walled cyst; note new density after 6 months centrally near
fissure; (B) rapid progression of a solid nodule in a cystic LCAL over 12 months; (C) slower progression of a cystic LCAL with surrounding
GG over 3 years; (D) rapid progression of a solid nodule in a cystic LCAL over 10 months.

Images reproduced with permission from: (A) Guo et al., Asia-Pac FCO 2016 (7); (B) Zhang et al., Medicine 2019 (25); (C) Jung et al., Ann
Surg Onc 2020 (5); (D) Tan et al., Radiol 2019 (20).

GG, ground glass; LCAL, lung cancer with air lucency; mo., months.

© Journal of Thoracic Disease. All rights reserved. https://dx.doi.org/10.21037/jtd-22-1199



Cavitary Lung Cancer with Air Lucency

Start 4 mo. Start 8 mo.

Figure S3 Representative CT images of cavitary LCAL.

Representative examples of appearance and progression of cavitary LCAL. Reproduced with permission from: (A,B) Watanabe, Ann Th
Surg 2015 (10); (C,D) Shigetuku, 7 Thor Dis 2018 (12); (E) Kunihiro, Clin Radiol 2016 (11); (F,G) Byrne, 7 Thorac Imaging 2021 (14); (F,I)
Mascalchi, 7 Comput Assist Tomogr 2015 (28).

LCAL, lung cancer with air lucency; mo., months.
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Bullous Lung Cancer with Air Lucency

>4

Pseudocavitary LCAL
EJ F

Figure S4 Representative CT images of bullous, pseudocavitary and bubble-like GG LCAL.

Representative examples of appearance and progression of bullous, pseudocavitary and bubble-like GG LCAL. Images reproduced with
permission from: (A,B) Kaneda, Interact Cardiovasc Thorac Surg 2010 (19); (C) Shinohara, 7 Thorac Dis 2018 (17); (D) Maki, 7 Comput Assist
Tomogr 2006 (65); (E) Tailor, 7 Thorac Imaging 2015 (66); (F) Saito, 7 Comput Assist Tomogr 2009 (32); (G) Haider, Clin Imaging 2019 (27);
(H) clinical experience; lesion increased slightly in size and density over 4 years; (I) clinical experience; lesion increased slightly in size 2019,
2020, 2021, solid component increased rapidly from 2021 to July 2022.

Feb, February; GG, ground glass; LCAL, lung cancer with air lucency; Jan, January; Jul, July.
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A Cystic Lung Cancer B Cavitary Lung Cancer
with Air Lucency with Air Lucency

~66% outer third
~20% middle third of lung

Figure S5 Lobar distribution of LCAL.

Lobar distribution in studies reporting this data (A) among predominantly cystic LCAL and (B) predominantly cavitary LCAL. Insufficient
data is available on bullous and pseudocavitary LCAL.

References for cystic LCAL (4,6-8,20,22-24,26,27,29) peripheral location (4,20) and cavitary LCAL (11,14,28).
LCAL, lung cancer with air lucency.

Lung Cancer with Air Lucency vs Contemporary Comparator
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Figure S6 Comparison of LCAL and contemporary lung cancer patients.

Graphic depiction of studies in Table S2. Data from all studies reporting on LCAL as well as a contemporary comparison cohort of lung
cancer patients.

Adeno, adenocarcinoma; Cav, cavitary; LCAL, lung cancer with air lucency

© Journal of Thoracic Disease. All rights reserved. https://dx.doi.org/10.21037/jtd-22-1199



Pathologic Stage at Diagnosis

D

Cystic Cavitary Bulla / Emphysema
Predominant Predominant Predominant

Figure S7 Average reported stage distribution among studies by predominant LCAL type.
Average reported stage involves more higher stages in studies involving cavitary or bullous vs cystic LCAL. Details of data is taken from the
individual studies reported in Appendix 3 Table A; references are as listed in Table A. Insufficient data is available on pseudocavitary LCAL.

LCAL, lung cancer with air lucency.

Spectrum of Lesion Appearances and Etiologies

Very thin- Ground glass Thick-walled Thick Dense Mass Solid Bullous
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Figure S8 Schematic of overlap of imaging appearances and disease processes over time.
Schematic depiction of imaging appearance during the course of disease of various entities associated with an air lucency. This schematic

is based on what is known about the imaging behavior of some lesions (e.g., simple benign cyst, emphysema, cystic lung cancer with air

lucency, subacute inflammatory conditions) and presumed behavior of other lesions (e.g., cavitating lung cancer, bullous emphysema-

associated lung cancer).
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Appendices

Appendix 1 PICO Questions
Primary Study questions, PICO format (Population, intervention, comparator, outcomes)

Study Characteristic

Inclusion Criteria

Exclusion Criteria

1. Are cystic, cavitary, bullous, pseudocavitary and bubble-like GG LCAL different entities?

Population Patients with LCAL Not LCAL
Interventions Cystic, cavitary, bullous, pseudocavitary and bubble-like GG LCAL

Comparators Cystic, cavitary, bullous, pseudocavitary and bubble-like GG LCAL

Outcomes Demographic aspects, risk factors, histologic / genetic aspects

Study Design Systematic reviews, observational studies * <10 cases

2. Are LCAL a different entity from traditional NSCLC?

Population

Patients with NSCLC or LCAL

Interventions

Patients with LCAL

Comparators

Patients with NSCLC

Outcomes

Demographic aspects, risk factors, histologic/ genetic aspects assessed in
contemporary cohorts and identified in similar settings

Not NSCLC, not LCAL

Study Design

Systematic reviews, observational studies *

<10 cases

3. What is the natural history of LCAL?

Population

Patients with LCAL

Interventions

No treatment

Not LCAL, observation <6 mo.

Comparators Not applicable
Outcomes Stability, progression, stage shift over time
Study Design Systematic reviews, observational studies * <10 cases

4. Which characteristics are best to differentiate benign from malignant lesions with air lucency?

Population Patients with lesions with air lucency

Intervention LCAL

Comparators Benign lesions with air lucency

Outcomes Sensitivity, specificity, FN, FP rates of clinical / imaging characteristics

Lack of definitive diagnosis

Study Design

Systematic reviews, observational studies *

<10 cases

5. How reliable are diagnostic tests (and how common are complications)?

Population

Patients with lesions with air lucency

Interventions

PET, CT guided biopsy, bronchoscopy

Lack of data on any of the
outcomes

Comparators Not applicable
Outcomes Sensitivity, specificity, FN, FP rates for LCAL or for specific benign diagnoses;
rate of complications
Study Design Systematic reviews, observational studies * <10 cases

6. Which characteristics identify the need for intervention (before stage progression or worsening outcomes ensue)?

Population

Patients with LCAL

Interventions

Imaging / Clinical Characteristics

Comparators

Not applicable

Outcomes

Stage, Survival

Lack of data on any of the
outcomes

Study Design

RCT, NRC, systematic reviews, observational studies

<10 cases

7. What are the long-term outcomes of surgical treatment of LCAL?

Population

Patients with LCAL

Interventions

Surgical resection

Comparators

Not applicable

Outcomes

Overall survival, recurrence

Lack of data on any of the
outcomes

Study Design

RCT, NRC, systematic reviews, observational studies

<10 cases

8. What are the outcomes of non-surgical treatment of LCAL?

Population

Patients with LCAL

Interventions

Radiotherapy, systemic therapy (+ surgery)

Lack of data on any of the
outcomes

Comparators Not applicable
Outcomes Response, Overall survival recurrence
Study Design RCT, NRC, systematic reviews, observational studies <10 cases

?, Randomized controlled trials are not applicable for this question.

FN, false negative; FP, false positive; LCAL, lung cancer with air lucency, mo, months; NRC, non-randomized comparison; RCT,
randomized controlled trial; SBRT, stereotactic body radiotherapy; VATS, video-assisted thoracic surgery.
No formal study protocol was written beyond the PICO questions. This systematic review was not registered as such.
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Appendix 2 Search Strategy, Results and Approach to Data Analysis and Synthesis
Descriptive summary

None of the authors have any relevant conflicts of interest. There was no funding source for this study. No formal study
protocol was written beyond the PICO questions and search strategy (details in Appendix 1). The systematic search was not
formally registered.

A formal systematic literature search was conducted in PubMed and EMBASE according to the details provided below.
Titles were reviewed by 2 authors. Based on further review of abstracts, studies were selected for full review and read by >2
authors. All study types were eligible. Review articles were read in full, but only included if they reported relevant patient
data. All studies were included that contained information relevant to the patients, outcomes and interventions outlined in
Appendix-1. We selected studies published in the years 2000-2022 with >10 LCAL cases for data abstraction. Case reports
were included only if they provided unique relevant data. Studies addressing lung abscesses or multi-cystic lung diseases (e.g.,
lymphangioleiomyomatosis, lymphocytic interstitial pneumonia, Langerhans cell histiocytosis) were excluded.

A formal assessment of study quality or certainty (risk of bias) table was not created; because all studies consist of case
series all are categorized as low-level evidence. However, we used a scale to categorize low-level evidence (67) in order to
transparently represent the basis for statements and conclusions.

Data was abstracted by 1 reviewer. Because the topic is not well-defined and studies involve retrospective case series, many
details of patient characteristics, interventions and outcomes were variably and often vaguely defined (e.g., CT parameters,
observation intervals, resection extent, stage definition). Therefore, quantitative summary calculations were deemed
inappropriate. Instead, attention was given to highlighting uncertainties, limitations, and relevant differences in the results
sections in order to promote transparency and appropriate interpretation and application of the results. All panelists were
involved in reviewing the papers and assessing uncertainties and differences; consensus among panelists was required that the
assessment was transparently represented. No method of data imputation was used.

A quantitative meta-analysis was deemed inappropriate due to limitations in the source data: the data comes from case
series, patient characteristics and inclusion criteria are incompletely defined, most studies include at least some degree of
a mixture of what seem to be distinct entities and there is ambiguity regarding many outcomes (e.g., how size is measured,
unspecified time intervals). Instead, we sought to summarize pertinent characteristics of the studies so that comparison of
results across studies could be made with consideration of differences in the patients, tumors and settings involved.

We undertook a categorization of the studies (described in Appendix 3) in order to facilitate interpretation of an aggregate
of the data. Each panelist was asked to independently assess the studies in Table A; the categorization represents a consensus
among all panelists.

Based on the review of available data on natural history, progression, interventions and outcomes, we developed a clinical
guide to patient management. The proposals seek to balance avoiding unnecessary intervention against consequential delays
in addressing a lung cancer. The proposed protocol for observation, criteria for intervention and approach to management
represents the consensus of all panelists.

PubMed Search

Filters: 2000-2022, journal article

Date of Last Formal Search: 10-30-2022

Search string:

((“cystic”[Title] OR “thin-wall”[Title] OR (“cyst s”[All Fields] OR “cystes”[All Fields] OR “cysts”[MeSH Terms] OR
“cysts”[All Fields]) OR (“cystic”[All Fields] OR “cystical”[All Fields] OR “cystically”[All Fields] OR “cystics”[All Fields]) OR
“cavitary”[All Fields] OR “pseudocavitation”[All Fields] OR “bubble-like”[All Fields] OR ((“bubble”[All Fields] OR “bubble
s”[All Fields] OR “bubbled”[All Fields] OR “bubbles”[All Fields] OR “bubbling”[All Fields]) AND “like”[All Fields]))
AND ((“lung neoplasms”[MeSH Terms] OR (“lung”[All Fields] AND “neoplasms”[All Fields]) OR “lung neoplasms”[All
Fields] OR (“lung”[All Fields] AND “cancer”[All Fields]) OR “lung cancer”[All Fields] OR (“lung neoplasms”[MeSH
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Terms] OR (“lung”[All Fields] AND “neoplasms”[All Fields]) OR “lung neoplasms”[All Fields] OR (“lung”[All Fields]
AND “neoplasm”[All Fields]) OR “lung neoplasm”[All Fields]) OR (“adenocarcinoma of lung”[MeSH Terms] OR
(“adenocarcinoma”[All Fields] AND “lung”[All Fields]) OR “adenocarcinoma of lung”[All Fields] OR (“lung”[All Fields]
AND “adenocarcinoma”[All Fields]) OR “lung adenocarcinoma”[All Fields]) OR “lung neoplasms”[MeSH Terms])) AND
((“adult”’[MeSH Terms] OR “adult”[All Fields] OR “adults”[All Fields] OR “adult s”[All Fields])))

EMBASE Search

Date of Last Formal Search: 10-28-2022
Search string:
Embase <1974 to 2022 October 28>
1 (cystic or thin-wall).ti. or cyst s.af. or cystes.af. or cysts.af. or cystic.af. or cystical.af. or cystically.af. or cystics.af. or

cavitary.af. or pseudocavitation.af. 281385
2 (bubble-like or bulla).af. 5184
3 (lung neoplasms or lung cancer or lung neoplasm or lung cancers).af. 388320
4 lung adenocarcinoma.af. 57645
5 3or4 410149
6 lor2 286281
7 3 and 4 and 6377

8 limit 7 to yr="2000 - 2022” 358
https://ovidsp.ovid.com/ovidweb.cgi? T=]S& NEWS=N&PAGE=main& SHAREDSEARCHID=
4zCB1ZhqPcGvNBf8V7M4qkj1tsyG3cIwlYM02CGnecmO1scHdAEj1840IDwdCkmxLSB
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https://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=N&PAGE=main&SHAREDSEARCHID=4zCB1ZhqPcGvNBf8V7M4qkj1tsyG3cIwlYM02CGncmO1scHdEj184OIDwdCkmxLSB
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=N&PAGE=main&SHAREDSEARCHID=4zCB1ZhqPcGvNBf8V7M4qkj1tsyG3cIwlYM02CGncmO1scHdEj184OIDwdCkmxLSB

Results

Identification of studies via databases and registers

Identification

Records identified from:
e Pubmed (n=1,920)
e EMBASE (n=358)
¢ Review of reference lists and
targeted searches (n=18)

Y

Screening

Records screened
(n=1,930)

Y

Records removed before screening:
Duplicate records removed (n=366)

v

Reports sought for retrieval
(n=61)

\4

Records excluded
(n=1,869)

v

Reports assessed for eligibility
(n=61)

Y

Reports not retrieved
(n=0)

Included

Y

Studies included in review
(n=49)
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Y

Reports excluded:

¢ No data relevant to patients or outcomes in
PICO questions (n=4)

* Benign or metastatic disease (n=3)

e Comparison to tuberculosis (n=2)

¢ Overlapping cases covered in more detail in
another paper (n=2)

e Cavitary formation after chemotherapy (n=1)
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Appendix 3 Categorization of Tumors in LCAL Studies

Studies of LCAL have used various terms, including lung cancers associated with cystic airspaces, cavities, and bullous
emphysema. The formal definition of a cyst is a lucency within normal lung parenchyma with a well-demarcated interface (of
variable thickness, usually <2 mm); a cavity is a lucency within an area of pulmonary consolidation, mass or nodule; a bulla is a
focal lucency >1 cm sharply demarcated by a thin wall <1 mm, typically associated with adjacent emphysematous changes (2).
However, the terms are often used loosely (interchangeably) in studies of LCAL.

Additional terms associated with LCAL are pseudocavitation and bubble-like appearance. Pseudocavitation is defined as
small (usually <1 cm) oval or round areas of low attenuation within a region of consolidation, mass or nodule, representing
spared parenchyma, normal or ectatic bronchi, or focal emphysema rather than cavitation (2). Bubble-like appearance is not
formally defined; it is often used in the setting of a ground glass (GG) nodule, but sometimes in the context of a solid mass
or dense area of consolidation (i.e., what is defined as pseudocavitation). We think it is best to distinguish between mostly
GG and mostly solid lesions with small lucencies. Therefore, we use the term “bubble-like GG” to specifically describe a GG
nodule with small air lucencies and pseudocavitation for mostly solid lesions with small air lucencies.

Additionally, reports have included a variable spectrum of tumor extent. Some studies have used narrowly-defined inclusion
criteria—e.g., only thin-walled lesions (often defined as <4 mm thick), or extensive tumors (i.e., >15 mm or completely solid
but previously having a cystic/cavitary appearance)—but most have defined inclusion broadly or ambiguously. Does the extent
of the solid components of included tumors in studies reflect degrees of progression of a single type of lung cancer or distinct
entities?

To facilitate interpretation of data from studies that have included a varying spectrum of lesions, we categorized studies
based on (I) whether they predominantly included cystic, cavitary, pseudocavitary or bullous LCAL, and (II) by the extent
of a solid component (limited, moderate, extensive) and (III) whether narrow or broad inclusion criteria were used. This
is summarized in Table A [predominantly cystic (4-8,20,22-27,29), predominantly cavitary (9-14,21,28), predominantly
pseudocavitary (15,16,66), predominantly bullous (17-19)]. We included bubble-like GG LCAL together with cystic LCAL
for several reasons: there is no clear distinction between a bubble-like GG and a multi-cystic thin-walled lesion, and studies
reporting patient characteristics, progression or outcomes focused on bubble-like GG LCAL are lacking.

To categorize reported studies, we sought consensus among the writing panel, using various pieces of information: the
terms used in reports, whether and how they were defined, the description of lesions and images provided, and a quantitative
or qualitative assessment of the proportions of thin-, thick-walled, nodular or solid lesions. Additionally, some studies used
other inclusion/exclusion criteria (e.g., only adenocarcinoma or stage pI) that warrant consideration when comparing to other
studies. We recognize that the categorization is inexact and somewhat subjective but hope that it adds to the interpretation of
the published literature. Studies generally appear to report tumor characteristics present at the time of diagnosis (resection),
although cases may be included based on appearance at an earlier time.

"Table A leads to several conclusions. There are differences in the tumors among studies predominantly focused on cystic,
cavitary and bulla-associated lung cancers—suggesting these are not simply different presentations or states of progression
of a single entity. There is a progression in the proportion of smoke-exposed individuals and the proportion of squamous
carcinomas and other histotypes. A striking proportion of men and smoking is apparent in studies involving predominantly
bullous LCAL. These differences by predominant LCAL type are manifest across studies involving similar settings
and populations—arguing against confounding due to baseline population characteristics (e.g., demographics, smoking
prevalence) in the geographic region or time period of a study. Insufficient data is available regrading pseudocavitary LCAL
to draw firm conclusions.

Clear definition of distinct entities is not possible from this analysis of literature on LCAL; most studies appear to involve a
mixture of potential distinct entities. A speculative hypothesis is that adenocarcinoma associated with cystic airspaces, cavitary
squamous carcinomas, and “traditional” solid lung cancers arising within an area of bullous emphysema are distinct entities.
Acquiring evidence confirming or disproving this hypothesis is difficult because of overlap in imaging appearance, especially
across a spectrum of progression. However, overlap is not limited exclusively to late phases of progression; several studies
show examples of squamous carcinoma associated with thin-walled cystic lesions (17,20,24,26-28) and adenocarcinomas
associated with thick-walled cavities with a shaggy interior border (10,25).
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We conclude that an awareness that studies involving LCAL likely include a mixture of entities is crucial for interpretation of
an aggregation of the published literature. To promote this awareness, we have included the categorization by predominant
imaging category and solid component extent within evidence tables in the main paper.
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Table A Categorization of studies
Ordered by description of lesion, tumor extent, breadth of spectrum

Setting Categorization % of cases Range Histology % Patients Stage %, (6"/7" Ed)

2 G ¢ = 2 2 £

s 2 . |S2 o % 5E ‘% 2 o § - o) = £
1% author year, % g f,;,. = ; § 3 g 2 S = qg” £ é ‘§ s 3 < = %
reference Years Source n = @ o © EE= = @ A|l@ Sl B < @ © < 2 = 1l ] \"
Cystic air lucency
Xue® 2012 (22) 06-11 Beijing 18 |V Lim V Nar Al - - - - - 1100 o 0 0 58 67 89 83 6 0 12
Qi 2015 (23) 08-12  Shandong 16 | Lim Nar F - - 10 | 100 © 0 0 52 75 - 71 0 21 7
Deng 2018 (24) 06-17 Beijing 45 | Lim Nar T - 1 - 93 0 7 0 55 71 73 - - - -
Shen® 2019 (4) 15-16  Shanghai 123 | Lim Broad Ad 20 45 30 5 - - —e e e —° 60 67 _ 91 1 8 0
Jung 2020 (5) 04-17 Seoul 60 Lim Broad Ad 17 55 28 - 0 - —e o e —e - 73 _ 87 3 10 0
Farooqi 2012 (6) 93-09  I-ELCAP 26 Lim Broad 20 75 5 1 16 | 92 0 4 4 63 50 - - 7 11 0
Zhang 2019 (25) 15-18 Beijing 65 Lim Broad e B + 1 - 92 0 6 2 - 68 62 - - - -
Tan® 2019 (20) 117 Beijing 106 | Lim - - - . - - _ 87 4 8 1 59 65 54 63 1 10 15
Guo 2016 (7) 07-12 Beijing 15 Lim - - - - - - - 73 7 13 7 58 80 - 69 15 7 7
Fintelmann' 2017 (8) 10-15 Boston 30 Mod Broad 0 57 3 10 - - 80 0 13 7 66 40 3 60 17 7 17
Pan 2020 (26) 17-20 = Zhoushan 35 Mod Broad + ++ o+ ++ - - 86 3 " 0 61 66 - - - - -
Haider 2019 (27) - Canada 11 Mod Broad T T - - |8 o 8 0 63 18 0 | 64 27 9 0
Yu 2015 (29) 05-13 Dalian 31 Ext Broad — R e | 12 50 920 - 6 3 56 58 _ _ - _ -
Average 89 1 8 2 59 61 47 74 10 9 6
Cavity
Kimura 2017 (9) 10-14 = Kanagawa 12 Mod Broad pl O - - - 67 - 25 8 67 75 17 - - - _
Watanabe 2015 (10) 98-07 Tokyo 132 Mod Broad Ad + o 1 18 | - -° = =° 63 68 34 59 18 21 3
Kunihiro 2016 (11) 05-14  Yamaguchi 60 Mod Broad - B e e - - - - - - 69 63 o8 82 13 3 1
Chen 2019 (13) 09-14  Shanghai 227 Ext Broad pl Ad - R - - -° - -° -° 59 48 93 _ - - -
Ma 2022 (21) 10-19  Shanghai 384 Ext | Broad 8 42 29 4+ - - 69 - 30 1 58 66 88 58 22 20 0
Byrne 2021 (14) 16-18 = Vancouver 47 Ext¢| Broad R B S - - 76 2 20 2 69 43 17 _ - - _
Shigefuku 2018 (12) 05-11 Tokyo 65 Ext Broad 12 51 37 - - - 0 28 8 66 74 11 58 31 11 0
Mascalchi 2015 (28) - Italy 24 Ext | Broad 8 50 38 1 67 | 71 0 29 0 71 71 0 50 13 17 21
Average 69 1 26 4 | 65 64 36 |61 19 14 5
Pseudocavity
Kojima 2010 (15) 93-08  Kanagawa = 26 Mod Broad Ad - SRR - - = = -° 68 27 69 88 8 4 0
Utrera Pérez 2019 (16) | 07-17  Vigo, Spain 30 - - >2cm| - - - - - - 73 - 23 3 - _ _ _ - - _
Tailor 2015 (66) 00-09 Seattle 23 - - - - _ _ - _ 83 - _ _ _ _ _ 58 16 1 5
Average - = = = - _ _ _ - - _
Bulla/emphysema
Shinohara 2018 (17) 07-15 Nagoya 52 Mod Broad Few 71 Few 0 35 50 - 36 14 68 83 10 65 27 8 0
Hanaoka 2002 (18) 76-98 Kyoto 50 Ext - - - - - - - - - 26 32 62 98 - 62 26 6 6
Kaneda 2010 (19) 98-08  Mie, Japan = 19 V Ext Nar 0 0 +++ +++ | 10 80 | 10 21 45 24 61 100 0 52 26 21 0
Average 34 7 3% 23 | 64 94 3 |60 26 12 2

Inclusion criteria: Studies 2000-2022 with >10 cases of LCAL on CT imaging. One study was excluded (Nambu et al.) (68) due to limited information and inclusion of mostly lesions with air
bronchograms. Red font highlights study characteristics that may make it an outlier.

Ad or Adeno, adenocarcinoma; Ad-Squam, adenosquamous carcinoma; Ext, extensive; I-ELCAP, International Early Lung Cancer Action Project (a CT screening cohort); LCAL, lung cancer with
air lucency; Lim, limited; Mod, moderate; Nar, narrow; Squam, squamous carcinoma; V, very;

? categorization of extent of solid component; °, Broad or narrowly configured inclusion criteria; °, patients with >1 lesions excluded; °, excluded cavitary tumors; °, not applicable (only
adenocarcinoma); ', Excluded if <6 months of observation; 9, includes pathologic diagnosis of cavity.
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