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ABSTRACT

Congenital lung malformations (CLMs) are rare developmental anomalies of the lung, including
congenital pulmonary airway malformations (CPAM), bronchopulmonary sequestration (BPS),
congenital lobar overinflation, bronchogenic cyst (BC), and isolated congenital bronchial atresia
(CBA). CLMs occur in 4 per 10,000 live births. Postnatal presentation ranges from an
asymptomatic infant to respiratory failure. CLMs are typically diagnosed with antenatal
ultrasonography and confirmed by chest computed tomography angiography in the first few
months of life. Although surgical treatment is the gold standard for symptomatic CLMs, a
consensus on asymptomatic cases has not been reached. Resection, either thoracoscopically
[Au: As this appears to be controversial among reviewers, or depending on the expertise
available at the various medical centres across the globe, please consider reversing the
order in which resection methods are introduced in the abstract.] or through thoracotomy,
minimizes risk of local morbidity, including recurrent infections and pneumothorax, and avoids the
risk of malignancy that has been associated with CPAM, BPS, and BC [Au: Edit OK?]. However,
some surgeons suggest expectant management, as the incidence of adverse outcomes, including
malignancy, remains unknown. In either case, a planned follow up and a proper transition to adult
care are needed. The biological mechanisms through which some CLMs may trigger malignant
transformation, are under investigation. KRAS has already been confirmed to be somatically
mutated in CPAM, and other genetic susceptibilities linked to tumor development have been
explored. By summarizing current progress in CLM diagnosis, management, and molecular

understanding we hope to highlight open questions that require urgent attention.



[H1] INTRODUCTION

Congenital lung malformations (CLMs) refer to a continuum of developmental disorders that
involve the lung parenchyma, the tracheobronchial tree and, occasionally, the pulmonary vessels,
or a combination of the above. At one end of the spectrum, congenital lobar overinflation (CLO;
previously known as congenital lobar emphysema) represents abnormal lung supplied by normal
vessels. At the other end of the spectrum, pulmonary arteriovenous malformations [G] are
characterized by abnormal vessels within normal lung parenchyma 2.
This Primer focuses on the most common parenchymal and tracheobronchial anomalies:
congenital pulmonary airway malformation (CPAM; previously known as congenital cystic
adenomatoid malformation, CCAM); bronchopulmonary sequestration (BPS); CLO, and
bronchogenic cyst (BC). We also discuss congenital bronchial atresia (CBA), which has been
recognized as a separate CLM entity [Au: Edit OK?]. BPS can be intralobar (ILS) or extralobar
(ELS). CPAM s further classified into five histological subtypes, defined by the suspected
anatomical level of the airway they originate from 22 (Figure 1).

Of note, some researchers [Au: only researchers, or clinicians too?] consider all the
CLMs under the umbrella of CPAM, but CPAM is only one of the CLM types, and adherence to
the precise definition of each CLM is required when reporting new cases [Au: Edit OK?] .
CLMs arise during embryonic lung development (Box 1) as a result of an abnormal organogenesis
or a dysregulation of cellular signaling within the epithelial-mesenchymal interaction [G] . The
timing of this dysregulation is likely to determine the type or subtype of CLM [Au: | have removed
reference to figure 1 from here, as the figure does not depict how the timing of
malformations during embryogenesis determines CLM types or subtypes.] .
[Au: Please add a sentence here to briefly describe the major symptoms/risks associated
with CLMs, including respiratory distress at birth and risk of malignancy This will help the

orientation of less familiar readers.] Professionals agree to surgically treat symptomatic



patients with CLMs, but there is an ongoing debate worldwide whether asymptomatic patients
should be managed surgically or conservatively. The best way to address this controversy is to
invest resources into researching the natural history of CLMs, the biological relationship between
some CPAM, BPS, BC and malignancy, and potential drivers [Au: Edit OK?] of malignant
transformation.. [Au: I've removed the KRAS detail here, as this is better mentioned in the
subsequent focused sections.]

In addition, clinical professionals, surgeons and researchers continue to envision prognostic tools,
standardize care, especially in asymptomatic cases, standardize respiratory and imaging follow
up, provide transition of care into adulthood, and build a global registry [Au: This sentence was
edited to avoid repetition.] .

This Primer describes the epidemiology and pathophysiology of CLMs as well as the progress in
diagnosis and management, and the different viewpoints of pediatric and non-pediatric thoracic

surgeons on CLM management .

[H1] EPIDEMIOLOGY

[H2] Demographics

CLMs have been estimated to comprise up to 18% of all congenital anomalies [G] °. Historically,
the overall incidence of CLMs was estimated at ~0.5 to 1.5 per 10.000 live births but, in 2015,
registry studies in the UK reported an incidence of around ~1 per 2,500 live births ¢, The apparent
rising incidence of these malformations is probably a consequence of the widespread availability
and the improved resolution of prenatal ultrasonographic screening, which have increased CLM
detection, especially in high-income countries &°, Due to a lack of global registries the exact
number of patients with these rare malformations and possible regional differences remains

unknown.



CPAM type 1 is the most common type of CPAMSs, representing 50-70% of CPAM cases [Au:
Edit OK? Or is it the most common type of CLMs?] 1. CPAM type 2 underlies 15-30% of alll
CPAM cases *2, whereas CPAM type 3 represents 5-10% of CPAM. [Au: Edit OK? Please add
areference on the incidence of CPAM type 3.] The individual incidence of other CLMs remains
unknown. [Au: | moved this sentence here from below to improve the text flow.]

Around 11.7% of patients with a CLM have an associated anomaly in other organs, but only 5-
10% of them have an additional major malformation [Au: Edit OK?] 3. Associated developmental
defects in other organ systems may, therefore, stem from the same dysregulation in epithelial—
mesenchymal interactions during embryonic development that causes CLMs. The most common
associated malformations are congenital heart defects (32%) and gastrointestinal defects (18%)
14 BC was found to have the highest proportion of associated anomalies (29%), particularly
vascular malformations, followed by CPAM (12%), which was more frequently associated with
congenital heart diseases and gastrointestinal malformations. A concurrent malformation existed
in 10% of patients with BPS and in 9% of those with CLO, mainly gastrointestinal for BPS and
cardiac for CLO 1. Clinicians should be aware of these possible co-occurring anomalies and

consider additional diagnostic imaging.

[H2] Risk factors

CLMs seem to occur sporadically and have not been associated with any karyotype anomalies
[Au: Is this edit correct? It might not be accurate to state that CLMs appear without
karyotype anomalies in all of the cases. Please reference this statement.] . Their formation
has not been associated to maternal factors, such as race, age, or exposure to environmental
factors [Au: Please reference this statement.] . No gender predilection has been demonstrated
15, Risk factors for developing symptoms after birth [Au: I've deleted this second part of this
sentence, as risk of malformations is separately discussed below. OK?] are not yet known.

[Au: What is the incidence of CLM symptoms at birth or later?] Multicenter international
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collaborations, including long term follow-up registries, and prospective trials, such as the
CONNECT trial by the Collaborative Neonatal Network ® [Au: Deleted this part to avoid
redundancy, as all of the above are also research studies. OK?] will help understand the
natural history of CLMs and how some of them (CPAM, BPS and BC) may be associated with

malignant transformation. [Au: Edited for conciseness.]

[H3] Association of CLMs with lung cancer

[Au: Edit OK? | modified the heading level, placing it under the section on risk factors.]
The incidence of malignant degeneration in CLMs remains unknown. In 1983 %7, it was estimated
to be 4%, and in 2010, the incidence of pleuropulmonary blastoma (PPB), specifically, was
reported to be 2%. [Au: Do these percentages (ie incidence of malignant degeneration) refer
to all CLMs collectively or to CPAMs only? Please consider introducing PPB as the most
common type of cancer that is associated with CLMs. What other cancer types are
commonly associated with CLMs?]

All CLMs, except for CLO and CBA, may be associated with a malignant lung lesion both in

pediatric and adult patients **. PPBIfas been historically associated With CPAM, but it remains

8. [Au: The highlighted sentence was moved here from below to avoid redundancy and
improve the text flow. OK? See also previous comment about an earlier introduction of
PPB and ensure consistency throughout the Primer as far as the definition of PPB as a
CPAM type 4 (or not) is concerned.] In earlier studies, CLOs in two children were associated
with a PPB % and a rhabdomyosarcoma 2*,respectively, and CLOs in ten adults , at that time
diagnosed as congenical cystic emphysema, [Au: Edit OK?] were associated with bronchogenic
carcinoma ??; however, the histological definition of these CLOs might have been inaccurate [Au:

Edit OK?] .



In the pediatric population, the CLM most frequently associated with a lung tumor is CPAM *°; in
adult patients, tumors co-occur mainly with CPAM or, to a similar extent, with BC *°. [Au: Edit
OK?] [Au: What about BPS, which is mentioned elsewhere as also being associated to
cancer?] Biological research has so far focused mainly on malignancy biomarkers in CPAM,
which is also the most frequent CLM [Au: Edit OK?] .

Similar to cancer cells, CPAM cells [Au: Do you refer to epithelial cells here? Please specify.]
have a double proliferation index compared with normal cells and a lower susceptibility to
apoptosis?®. As CPAM is not inheritable and usually involves only one lung lobe, the mutations
potentially linking CPAM with cancer are probably somatic and not germline. Despite this, the
possibility of predisposing germline mutations has also been explored. De novo mutations in
genes that encode proteins implicated in cancer, such as SMAD7 or KDM6A, have been found in
38.8% of patients with CPAM, providing some evidence to support prophylactic resection of CPAM
24 [Au: Edited for conciseness.]

Moreover, among the 351 genes that were identified as differentially expressed in in paediatric
macrocystic CPAM, microcystic CPAM, BPS, or hybrid lesions, compared with unaffected tissue
of the resected lobe, genes in the Ras complex, PI3K-AKT-mTOR and mTOR signaling pathways,
and Myc transcriptional targets were significantly enriched 2. [Au: Macrocystic, microcystic,
hybrid (or giant) CPAM is only described later in the article. In addition, the highlighted text
above and below relates more to mechanisms/pathophysiology and less so to
epidemiology. Thus, | suggest moving it further down, to improve the text flow.]

Moreover, genes involved in embryonic development and cell proliferation have been found to be
differentially methylated in ELS samples (HOX3B1, HOXD4, CTNNA1, NR2F2, HSF4, MEIS1), in
ILS samples (HOXA3, HOXB1, TGFB1l1, BRD2, CTNNA1, CTSZ, GPR37L1, S100A13; TSPAN3,
FOXP2)%, in CPAM type 1 lesions (PLD6, S100A13; MXS2 and TXNRD1), and in CPAM type 2
(ZFP57, and MEIS1). In CPAM type 3, differentially methylated regions were identified in MSX2

and in an intergenic region involving a cis-regulatory element of PITX2, low methylation of which
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has been associated with an increased risk of lung cancer progression 27, and of ENPEP, which
is downregulated in lung adenocarcinoma 2%

[Au: | have moved a sentence referring to KRAS down into the
mechanisms/pathophysiology section (highlighted in blue) to improve the text flow and
avoid redundancy. OK?] [Au: I've removed a sentence here that was not directly related to
the scope of the epidemiology section. OK?] Whereas a KRAS mutation confirms malignancy
in adults with lung cancer, the clinical relevance of KRAS mutations in pediatric lung specimens
still needs to be investigated. [Au: The text highlighted in yellow does not fit within the scope
of the epidemiology section. Please consider moving to the management section.]

[Au: A sentence that was initially found here, referring to MCCs was not related to the scope
of the epidemiology section. | have, thus, merged this sentence with the discussion on
MCCs under the CPAM type 1 paragraph of mechanisms/pathophysiology (highlighted in
blue).]

[Au: | have removed a part of text (highlighted in yellow in the tracked version of the edit)
that does not fit within the scope of the epidemiology section.]

[Au: | removed the last paragraph of the section, as it was unrelated to the scope of the
section and the article, and unreferenced.] '°. [Au: The initial first sentence of this
subsection was moved further up to improve the text flow and avoid redundance.] [Au: |
have deleted the discussion on CPAM type 4 and PPB from here, as it was redundant with
the discussion under the paragraph on CPAM type 4, under the

mechanisms/pathophysiology section.]

[H1] MECHANISMS/PATHOPHYSIOLOGY



11

[H2] CPAM

[H3] CPAM pathogenesis

[Au: | have suggested adding a new level of subheadings, to break down the long text.

0OK?]

CPAMs involve mainly proliferation of cells from the bronchial structures, but not from alveoli,
presenting as cysts that are in direct communication with adjacent lung parenchyma. [Au: Edit
OK?] CPAM usually affect one lobe, most commonly the lower ones, and multi-lobar or bilateral
disease is less common 3%, There are several hypotheses about the mechanism of CPAM
pathophysiology. One theory assumes that focal lung morphogenesis is interrupted during CPAM
pathogenesis as a result of genetic defects that cause continuous expression of lung growth
markers, such as SOX2 and thyroid transcription factor-1 (TTF1), together with a decreased
expression of aldehyde dehydrogenase 1 family, member A1 (ALDH1A1) *. [Au: Edited for style,
OK?] The obstructive hypothesis, which is based on histological studies, advocates that focal
obstruction of the airway tree, such as a sort of bronchial stenosis,[Au: Comma here OK, or after
"peristalsis"?] or an abnormal airway peristalsis might lead to a local increase of mediators that
can trigger immune responses, such as fibroblast growth factor 10 (FGF10), interleukins and
chemokines, , leading to the abnormalities [Au: What sort of abnormalities? Do you mean
cysts?] of CPAM “°. However, the timing of these events is poorly understood “. Other
hypotheses on CPAM pathogenesis, include the disruptive spatial patterning of epithelial cells in
cysts that resemble proximal airway structures, branching morphogenesis, and imbalance
between cell cycle, cell proliferation and apoptosis (Box 1) 4>%3.

In animal models, the FGF family of potent mitogens regulates cellular proliferation, migration and
differentiation, with FGF7 and FGF10 being expressed in lung mesenchyme %. [Au: The opening
of this sentence was modified, as below rat and not mouse models are described. OK?]
Injection of FGF10 in fetal rat lungs resulted in formation of cystic lesions, which varied depending

on the developmental stage and injection location “°. However, no alteration of FGF10 expression
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was found in fetal and postal-natal CPAM samples in humans, and this indicates that FGF10
overexpression may be a transient phenomenon during CPAM pathogenesis [Au: Edit OK?] “°
Moreover, aberrant FGF expression or FGF protein mislocalization have been implicated in
malignant transformation and metastasis [Au: Do you mean in CPAM or generally? The link to
CPAM is unclear.] [Au: I've removed mention of a link between FGF7, cancer and CPAM,
as this had not clearly been explained.] %°.Cystic lung lesions are also found in mice
overexpressing Krueppel-like factor 5 (KLF5) 47 or Notchl receptor*, and in mice lacking
expression of peroxisome proliferator-activated receptor gamma (PPARYy) “°.

[H3] Molecular classification of CPAM

[Au: New subheading introduced. OK? Please consider discussing molecular classification

prior to mechanisms of CPAM pathogenesis, to improve the text flow.]

CPAM classification criteria have been redefined with the help of molecular biology. Acinar
dysplasia is now the preferred term for the diffuse malformation previously described as CPAM
type 0 [Au: Please replace the term CPAM type O with acinar dysplasia throughout the text
and the figures, if the latter is the preferred term.] 3. Acinar dysplasia is usually lethal and
associated with mutations in genes that regulate embryonic development, cell proliferation and
cell differentiation, including the genes encoding FGF10, FGFR2 and the transcription factor TBX4
5152 [Au: Where in the lungs does acinar dysplasia arise?]

CPAM type 1 arises from the proximal bronchioles or distal bronchi (Figure 1). Mucinous cell
clusters (MCCs) are pre-malignant or malignant cell clusters that occur in 75% of patients with
CPAM type 1 [Au: Edit OK? This information was moved here from the epidemiology
section, where it was out of scope.] (Figure 2), and are generally absent in CPAM types 2 and
3. MUCS5AC has been identified as a valuable marker of MCCs %%, and mucinous proliferation
tissue in CPAM type 1 sections have similar MUC5AC expression patterns as mucinous lung
adenocarcinoma [Au: Edit OK?] . MCCs are thought to be a precursor reservoir for potential

invasive mucinous adenocarcinomas. KRAS, one of the most mutated genes in lung cancer, has
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been found to be mutated in both mucinous ?° and non-mucinous cells *° of CPAM type 1, [Au:
The highlighted text was moved here from the previous section.] Sequencing analyses
revealed KRAS exon 2 mutations in MCCs from all 18 patients examined, irrespective of whether
they were diagnosed with CPAM type 1, CPAM type 3, or CPAM with an intermediate morphology
between 2 [Au: between 1 and 2 or between 2 and 3? Please clarify.] ?°. Furthermore, KRAS
mutations were also found in 17 of the 25 CPAMs without MCC analyzed, and the p.G12D
mutation was specifically correlated with type 1 morphology. [Au: Edited for brevity, style and
clarity. Please ensure that the intended meaning was maintained.] . In patients harboring both
CPAM type 1 and adenocarcinomas 2, both lesions can have the same KRAS mutations, which
is an indication that mutated KRAS in CPAM may confer susceptibility to cancer. [Au: Edited for
conciseness and clarity. OK?] [Au: The parts highlighted in blue were moved here from the
epidemiology section, to avoid redundancy and improve the text flow. OK?]

CPAM type 2 lesions are believed to arise secondary to bronchial obstruction and may contain
KRAS mutated cells [Au: Edit OK?] 30415456 CPAM type 3 is believed to originate from acinar-
like tissue [G] and has been associated with activating KRAS mutations or mutations in other
genes involved in cell cycle regulation and growth; 50% of CPAM type 3 have a KRAS mutation,
most commonly p.G12V. MCC are seen in 45% of CPAM type 3 and are often multifocal and have
papillary or acinar architecture ’. Overall, the formation of CPAMs type 1 and 3 seems to be driven
by mosaic KRAS mutations arising in the lung epithelium early in development and places them
within the growing cluster of mosaic RASopathies.

CPAM type 4 is now thought to represent type 1 PPB and should be diagnosed as such %3¢, [Au:
Under the epidemiology section, it is stated that: “It has been argued that CPAM type 4 is
identical to PPB 1 %2, and should be considered a PPB, which is generally not diagnosed prenatally
33-3 However, some studies suggest that a CPAM type 4 evolves into PPB through the acquisition
of a somatic mutation in the DICER1 gene 3*%7.” This statement is also repeated at the end of

this paragraph. Please revise the highlighted sentence for balance and consistency.] A
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pathognomonic molecular marker for PPB has not yet been discovered, but association with
DICER1 germline mutation is found in up to 66% of PPBs. Some authors suggest a possible
evolution of CPAM type 4 into PPBL1 in case of acquisition of somatic mutations in the Dicerl gene
3437 In order to comprehensively elucidate the complex interplay between PPB and germline and
somatic mutations in DICERL, initiatives such as the International PPB/DICER1 Registry and the
DICER1-Related Pleuropulmonary Blastoma (PPB) Syndrome Study conducted by the National
Cancer Institute are essential. [Au: If you prefer, you may provide links to the above registry
and study.] These projects are extremely useful for characterizing the risk associated with
pathogenic variants, for studying the clinical course of patients with these variants and, ultimately,
for better management.

[H2] BPS

BPS is a hamartomatous mass of non-functioning lung tissue [Au: Please reference this
statement.] , and the mechanisms involved in BPS formation generally remain unknown. High
expression of Hoxb-5 gene [Au: at what embryonic stage?] , a Hox gene involved in normal
lung development, might be involved in BPS pathogenesis *. [Au: The highlighted sentence
was moved here from below, to improve the text flow. Was this found in humans? If so,
please adjust gene nomenclature to "HOXB5".] BPS lesions are not in continuity with the
tracheobronchial tree but supported by an aberrant systemic artery stemming from the
thoracoabdominal aorta or, less commonly, from the gastric or splenic artery “.. Intralobar
sequestrations (ILS) , which appear within the visceral pleura, represent 75% of BPS lesions and
are often localized in the lower lobes. [Au: Edited for clarity. Please check that the intended
meaning was maintained.] Even though the abnormal lung parenchyma is non-aerated, some
collateral ventilation is supported by the pores of Kohn [G] and channels of Lambert [G] of the
adjacent lung tissue “.Consequently, ILS are at increased risk of bacterial seeding and
pneumonia or other complications 3. ILS are usually fed by a single artery most commonly coming

from the descending thoracic aorta and branching to the lower lobe after passing through the
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inferior pulmonary ligament. Multiple arterial supply has been described in 16% of the cases %.[Au:
You seem to mention arterial supply a few sentences above already. Please consolidate all info on
this here and remove above.] The venous drainage is most commonly to the left atrium through the
pulmonary veins 8.[Au: I've removed the more detailed description of uncommon drainage.]
Extralobar sequestrations (ELS) correspond to a 25% of BPS lesions and are covered by a distinct
pleura. ELS have one or, in 20% of the cases, more than one feeding artery, usually stemming
from the thoracoabdominal aorta, and systemic venous drainage that is separated from normal
lung parenchyma. In 80 % of cases, the systemic venous drainage occurs through the azygos or
hemiazygos system, or through the vena cava to the right atrium 5. [Au: I've removed the
descriptions of uncommon feeding and drainage here.] Infections are less common in ELS as those
are not connected with the tracheobronchial tree [Au: Edit OK? Or do you mean in BPS in
general. Is there any connection of ILS with the tracheobronchial tree? In the beginning of
this section, it is stated that all BPS are not connected with the tracheobronchial tree.
Please clarify.] , and presenting symptoms of ELS are mainly associated with the abnormal
systemic vascularization, which often leads to high-output congestive heart failure as a result of
the right-to-left shunt, or to torsion of the vascular pedicle. ELS is usually found in the thoracic
cavity, but it can also develop below the diaphragm in the abdomen, or within the diaphragm 4.
[Au: The last sentence of this paragraph was moved further up (highlighted in yellow) to
improve the text flow).

Some ILS and ELS 'hybrid/mixed' lesions that rely on systemic blood supply share features of
CPAM [Au: Which features specifically? Do you mean, for example, proliferation of cells
from the bronchial structures? MCCs? Please specify. ]®®%. Such lesions are histologically
diagnosed as hybrid, both prenatally and in the pediatric population, and [Au: Please move
mention of the histological features of the hybrid lesions to the previous sentence, see also
previous comment.] , are distinct from acquired lesions diagnosed in adults following lower lobe

infections that cause the cystic degeneration of the parenchyma and the proliferation of systemic
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arteries entering the lung through the pulmonary ligament or across the pleura 8. [Au: Edited for
clarity. Please check that the intended meaning has been maintained.]

[H2] CLO

CLO is caused by a focal cartilaginous abnormality of the bronchial wall, which creates a valve
effect after birth [Au: Edit OK? Or is it only the overinflation that is caused after birth?] and
a consequent overinflation of a pulmonary lobe 2. The bronchial narrowing may be caused by
intrinsic factors, such as the absence of bronchial cartilage, bronchial stenosis [Au: Do you mean
congenital bronchial stenosis? Aren’t ‘bronchial narrowing’ and ‘bronchial stenosis’
synonymous terms?] or bronchomalacia [G] , or by an extrinsic cause, as a vascular sling [G]
8, [Au: What are the molecular mechanisms underlying the above causes, ie absence of
bronchial cartilage or bronchomalacia, or vascular slings?] In ~50% of patients, however,
CLO is idiopathic, and a clear etiology cannot be identified . The left upper lobe and the right
middle lobe are most commonly affected by CLO.. [Au: | have deleted a statement on prenatal
diagnosis from here, as it also appears under the section on diagnosis. Please move
reference 64 from here to the relevant part of the text under diagnosis.] After birth, the
progressive hyperinflation of the affected lobe may result in mediastinal shift [G] and consequent
compression atelectasis of normal lung parenchyma . Acute and rapidly worsening air trapping
at birth, can lead to severe respiratory symptoms, and require emergency surgical procedure. In
some cases, the hyperinflation of the lobe is slower and accounts for a delayed onset of respiratory
symptoms within the first weeks of life 4. However, some patients have minimal pulmonary
symptoms or are completely asymptomatic, and are, therefore, managed with serial observation
%8 [Au: Please remove the highlighted paragraph from here, as it is unrelated to
mechanisms/pathophysiology and merge with the management section.]

[H2] BC

BC is a unilocular malformation resulting from abnormal budding of the primitive ventral foregut.

BCs contain cartilaginous tissue, smooth muscle, and bronchial glands, all lined by ciliated
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columnar epithelium. Most BCs are localized in the mediastinum adjacent to the trachea or the
mainstem bronchi (subcarinal space), but sometimes they can be intrapulmonary, or appear
outside the chest, in the areas of the neck, the abdomen or the skin %85, The pathophysiology of
BC is still unknown. BC can be asymptomatic. Mediastinal BCs do not communicate with the
tracheobronchial tree, but they contain mucus and may enlarge or compress the bronchi, causing
dyspnea®. Intrapulmonary BCs are connected with the tracheobronchial tree and can lead to
respiratory symptoms in newborns or in infants, or infection in children, as a result of air trapping
65_

[H2] CBA

CBA stems from a focal interruption of a lobar, segmental, or subsegmental bronchus, and is
associated with the presence of a mucocele [G] and overinflation of the involved lung segment.
The presence of the mucocele is pathognomonic and results from fluid [Au: Do you mean
accumulation of mucus?] accumulation following airway obstruction . CBAs are hypothesized
to occur after the 16™ week of gestation, probably due to intrauterine ischemia. The apicoposterior
segmental bronchus of the left upper lobe seems to be most commonly affected by CBA ¢
Proximal CBA is located at the level of the mainstem, or the proximal lobar bronchi and it is almost
always fatal during pregnancy or immediately after birth 62, Peripheral CBA involves the segmental
or subsegmental bronchi and may present as an isolated lesion®?.

In this Primer, we discuss peripheral CBA, which has also been associated with [Au: Do you
mean that CBA has been reported as secondary pathology in other prenatal lung
malformations?] other prenatal lung malformations, including CPAM, BPS, CLO ©2, as part of the

pathological spectrum of these CLMs.

[H1] DIAGNOSIS, SCREENING AND PREVENTION

[H2] Clinical presentation
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Prenatally diagnosed CLMs have highly variable clinical presentation, ranging from lack of any
symptoms to respiratory distress at birth [Au: Edit OK?] >3, The latter is a rare event that occurs
in <10% of patients mostly as a result of a mediastinal shift caused by a CLO or a giant CPAM
[Au: what is a giant CPAM? Is it just a 'large’ CPAM? Otherwise, please consider
introducing in the mechanisms/pathophysiology section. Does it classify under one of the
five CPAM types discussed above?] *%, and requires emergency surgery. Most commonly,
however, children with prenatally diagnosed CLMs remain asymptomatic postnatally ¢, and
admission to an intensive care unit is not justified in an asymptomatic newborn®.

Nearly half of the patients that are asymptomatic at birth develop symptoms in their first year of
life, with a peak at a median age of two years . Long-term follow up has revealed that most [Au:
Is it possible to provide a percentage here?] infants with CLM develop symptoms 6%, The
most common symptoms are respiratory infections, pneumonia, fever, chronic cough,
pneumothorax, and respiratory distress. The incidence of respiratory infections in children with
CLM is not clearly defined and varies [Au: Do you mean varies across studies or across
CLMs?] between 5 and 86% 5879 High-output cardiac failure is a rare complication resulting
from large systemic feeding vessels*'. [Au: | have deleted the last sentence of this paragraph
to improve the text flow and avoid redundancy, as it overlapped with information presented

under the subsection on postnatal diagnosis.]

[H2] Prenatal screening and diagnosis

[H3] Fetal ultrasonography

Although CPAM, BPS, CLO, BC, and CBA are distinct pathologies, their embryology and imaging
phenotyping overlap *, and they also share some common clinical and histological features [Au:
Edit OK?] 5. The prenatal diagnosis of CLMs relies on the cystic or solid appearance of space-
occupying lesions within the fetal thorax, or the abnormal size of the lungs and consequent

deviation of the heart from its normal 45-degree position (Figure 3). [Au: | moved this sentence
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here from below to improve the text flow.] According to the Adzick classification for fetal
ultrasonography [Au: Edit OK?], CLMs are described as either macrocystic lesions that present
as single or multiple cysts >5 mm, or microcystic lesions with solid appearance that feature cysts
<5 mm™.

CLMs are easily detected during routine prenatal ultrasonograpic examination at 18-22 weeks of
gestation. The differential diagnosis includes congenital diaphragmatic hernia [G] , esophageal
duplication [G], foregut duplication cysts [G] and other thoracic masses, such as pericardial
teratoma. [Au: I moved this sentence here from below to improve the text flow. Please check
this edit for accuracy — did you indeed mean differential diagnosis to CLMs or rather
differential diagnosis to disappearance of the lesions?] CLMs usually increase in size
between 20 and 26 weeks of gestation before reaching a plateau by 29 weeks of gestation 7.
Later, the decrease in size of CLMs seems to be related not only to growth of the fetus but also to
the transition from the canalicular to saccular stage of lung development (Box 1), with consequent
changes in proliferation and apoptosis rates [Au: Edit OK? Proliferation and apoptosis rates
of what cells? Please specify] 7. CLMs become isoechoic to normal lung tissue late in gestation,
and this can be mistakenly considered as disappearance of the lesions. For this reason, it is
imperative to perform a CT scan after birth [Au: Do you mean CT angiography, consistently
with what is discussed in the next section?] to exclude the presence of a CLM. [Au: Edit OK?
I suggest focusing on CT vs CR in the next section, on postnatal diagnosis.] Amniocentesis
is not recommended in pregnancies with a diagnosis of CLM if a solitary lung lesion is identified.
A vaginal delivery at a local birthing center without neonatal intensive care or pediatric surgical
support is safe for fetuses with small lung lesions *°.

CPAM and BPS are the two CLMs most commonly diagnosed in utero, as intrathoracic, usually
unilateral, cystic, or solid masses ">. CPAM is usually recognized at mid gestation as a multilocular
lesion with cysts from few millimeters to 10-12 mm in size (macrocystic type), or as well-defined

homogeneously hyperechogenic mass (microcystic type) 7. In both cases, the heart is usually
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pushed to the contralateral side 7. BPS appears as a well-defined homogeneously
hyperechogenic mass that is indistinguishable from the microcystic type of CPAM 5. However,
exploration with color Doppler ultrasonography can help identify any aberrant feeding artery
arising from the aorta, and this is specific to BPS [Au: Edit OK?] . 3D and 4D ultrasonography
may provide greater information regarding the spatial relationship, volume, and vascular feeding
of both CLMs 8. A giant CPAM can grow and cause mediastinal shift with consequent esophageal
compression, pulmonary hypoplasia, polyhydramnios [G] and obstruction to venous return leading
to hydrops 77 (Figure 3a). Thus, it is recommended to monitor CLM growth by serial calculation of
CPAM volume ratio (CVR) 78 (Figure 3).

ILS hydrops may develop in the fetus [Au: Edit OK?] because of abnormal systemic arterial blood
supply with increase of venous drainage via the pulmonary veins, leading to “left-to-left” shunting
which sometimes results in high-output cardiac failure. It is therefore recommended to assess
cardiac function [Au: At what stage of gestation and how often?] , for example based on
Tricuspid annular plane systole excursion (TAPSE) [G], to identify hemodynamic deterioration
(Figure 3).

CLO is identified only rarely via prenatal screening, mainly because of the phenotypic similarity to
microcystic CPAM. [Au: Edit OK?] CLO appears in fetal ultrasonography [Au: Edit OK?] as
uniformly enlarged lung [Au: Does microcystic CPAM also appear as uniformly enlarged
lung? This was not mentioned above.] , mildly hyperechoic, without cysts or systemic arterial
supply 6. The identification of a tubular cystic hilar structure consistent with a dilated bronchus
and prominent oblique lung fissure at 2D and 3D ultrasonography may hint towards the correct
diagnosis "¢ (Figure 3).

Mass size, rather than CLM type, is the major predictor of perinatal outcomes!>°, CVR, the ratio
of the 3D size of the lesion to the fetal head circumference, is the most commonly used metric for
CLM mass (Figure 3b) 8. Risk of developing fetal hydrops is ~80% for fetuses with a CVR

exceeding 1.6, and CVR increase during pregnancy [Au: Edit OK?] has been associated with
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increased rates of prenatal intervention and adverse postnatal outcomes 828, CVR has been
associated with development of hydrops, neonatal respiratory distress (NRD), and increased rates
of oxygen supplementation, mechanical ventilation, and resection at birth °. In addition, high first
[Au: Please clarify what is the first CVR value. Do you mean CVR at first diagnosis?] or high
maximum CVR values were predictive of risk for NRD for both term and preterm infants 8, but
consensus on a precise cut-off value is lacking . [Au: Edited for brevity. OK?] One cohort study
showed that a CVR <0.39 measured between 25-30 weeks predicts a low probability of need for
respiratory support at birth but does not rule out respiratory problems later on . The low
probability of NRD (<10%) for a maximum CVR <0.40 supports this cut-off value 8. A CVR >0.84
seems to be a reliable predictor of respiratory morbidities, such as respiratory distress, recurrent
infections, cough, and the need for surgical resection [Au: Do you mean at birth or later in life?]
8788 (Figure 3).

H3] Fetal MRI

The merit of MRI for the prenatal diagnosis of CLMs remains controversial *. MRI can be used to
accurately assess the location, size, [Au: Edit OK? Isn’t ‘extent’ reflected by location and size
only?] mass effect [G] , and internal features [Au: What internal features? Please provide
some examples.] of CLMs 8%, and a one study has shown the superiority of MRI against
ultrasonography [Au: Edit OK?] in identifying vascular supply . However, in fetuses with small
lung lesions, the limited additional information provided by prenatal MRI is not sufficient to amend
management plans. For this reason, MRI is only selectively recommended, for example, when a
lung lesion in not clearly defined at prenatal ultrasonography or in the presence of a large CLM.
MRI might help to characterize the malformation or to prepare a treatment plan if prenatal
management or early neonatal resection are needed 8%°.. In such cases, the best timing for fetal

MRI is between the 24™ to 30" week of gestation °*.
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[H2] Postnatal diagnosis

[H3] Computer Tomography Angiography

Postnatal chest CTA at 2 months of age is essential for confirming prenatal diagnosis of CLMs
(Figure 4) and for outlining a management plan. Chest CTA is the current gold standard for the
postnatal evaluation of CLMs due to its ability to provide the highest spatial resolution and
sensitivity 92°3, The scan range of chest CTA should cover the anatomical area from the thoracic
inlet to the mid-abdomen to enable full capture of the extent of any aberrant vasculature, which
may arise or extend below the diaphragm 9. The CTA protocol should be tailored to the patient's
weight in accordance with the ALARA principle and include thyroid function monitoring to promptly
detect any temporary thyroid dysfunction %. [Au: This sentence was moved here from below,
to improve the text flow. OK?]

Third-generation CT scanners use a lower amount of radiation and have a rapid acquisition speed
that overcomes the need for sedation 2. They deliver diagnostic-quality images in >95% of
patients °2%, regardless of age or compliance with breathing instructions. Structured assessment
of CTA results % can consistently provide precise information about the size, location, and other
characteristics of CLMs % that are crucial for surgical planning [Au: Please check the edits for
accuracy.] . Furthermore, CTA enables use of a quantitative scoring system [Au: is this
guantitative scoring system you are referring to here different from the structured
assessment of CTA results referred to in the previous sentence? If possible, please
consider merging the two sentences to avoid any redundancy.] that provides objective data,

to assess changes in size of CLMs or to determine indication to surgery *'.

[H3] Chest radiograph

CR is a first-line screening tool , being noninvasive and cost-effective. However, a a prenatally
diagnosed CLM should never be ruled out in a newborn based on CR only, as CR fails to detect

CLM in 50% of patients °*-1°1, and the information it provides fails to predict the potential onset of
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symptoms or to inform the surgical plan °2 (Figure 4). [Au: Edit OK?] In pediatric patients [Au:
Edit OK?] that present with recurrent infections in the same location but lack a prenatal diagnosis
of CLM, certain radiographic features, such as persistent opacities or radiolucency, can raise
suspicion for an underlying undiagnosed CLM 1%, In case of strong clinical suspicion of CLM,
further imaging evaluation using cross-sectional technigques, such as CTA or MR, is necessary to
obtain a comprehensive and accurate diagnosis (Figure 4 and 5).

CR can also be applied to assess potential complications of CLM surgery, such as pneumothorax,
bleeding, and infections®2. In previously asymptomatic children with CLM that newly develop
symptoms CR is often the first imaging modality used to evaluate the cause of these symptoms
and assess them as potential complications of BPS or CPAM, in the case of infections, and CLO

or BC, in the case of progressive hyperinflation. [Au: Edit OK?]

[H3] Lung ultrasonography

Lung ultrasonography (LUS) has limited application in the detection of CLMs after birth, as
ultrasound waves cannot penetrate normally aerated lungs and can only be used to image
peripheral lung lesions [Au: Edit OK?] %2103 LUS can still be a cost-effective method for the
diagnosis of complications in pediatric patients with respiratory distress 1 or infection, as the
consolidation of the lung parenchyma in these patients makes the visualization of the CLM

easier.[Au: Edit OK?]

H3] MRI

Chest MRI has the potential to replace CTA for assessing CLMs in the future®®1%, especially in
medical centers that have expertise in chest MRI techniques *°. However, in current practice,
surgical plans cannot be based entirely on MRI, as CTA provides superior quality images of lung
parenchyma, especially in infants. In addition, sedation is required for infants and young children

between 6 months and 5 years of age undergoing MRI%21%, [Au: Edit OK?]
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Chest MRI protocols have the added advantage of not requiring use of contrast to visualize the
vascular anomalies associated with CLMs %7, In cases of CLMs with abnormal blood vessels,
chest MRI can be combined with cardiac MRI to assess blood flow and shunting °2. There are
several clinical scenarios in which chest MRI may be used to assess CLMs, including follow-up of
a previously identified CLM to avoid repeated exposure to radiation, evaluation of a mass in an

atypical location, or complementary characterization when CTA is incomplete %.

[H2] Histology
[Au: Do you rather mean histopathology?]
Histopathological assessment of lung tissue is necessary to confirm diagnosis of CLM and to

identify the subtype of CLM.

H3] CPAM

[Au: Please reference this subsection.]

CPAM type 1 appears as a cystic lung lesion, with cyst size ranging from <0.5 cm to >7 cm in
greatest dimension. CPAM type 1 cysts are lined by ciliated cuboidal to stratified columnar
epithelium, occasionally featuring cartilage in the cyst wall, and are interspersed within a lung
parenchyma with enlarged and simplified alveoli. Multiple connections are observed between the
thick cyst wall and adjacent alveolar wall, and epithelial complexity, including papillary projections,
may occur. Some CPAM type 1 lesions [Au: Edits OK?] may have solid appearing areas with
features of both type 1 and type 3 CPAM. In CPAM type 2, there are both identifiable cysts lined
by ciliated columnar epithelium and mildly malformed alveolar type spaces. [Au: This sentence
was moved here to improve the text flow. Are the edits correct?] Cysts can measure up to
2.5 cmin greatest dimension and are also interspersed within normal appearing lung parenchyma.
Striated skeletal muscle occasionally appears in the septa between cysts. CPAM type 3 lesions

have a solid, often lobulated appearance, and are well-demarcated from uninvolved lung
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parenchyma. Cysts [Au: Edit OK?] mainly consist of small irregularly shaped airway spaces lined
by ciliated cuboidal to columnar epithelium. Surrounding septa often appear thickened, with

prominent mesenchyme and cuboidal epithelium.

H3] BPS

BPS is defined by an anomalous systemic vascular supply and sequestration from the
tracheobronchial tree. The systemic feeding vessel is usually identified only radiographically, but
it may still be identifiable in intact gross specimens. [Au: Edit OK?] The BPS parenchyma has a
variable macroscopic appearance, ranging from grossly normal to cystically altered®,
Histologically, systemic artery branches may appear thickened with features that are characteristic
of pulmonary hypertension in older patients . All patientshave at least mild parenchymal
maldevelopment with enlarged and simplified alveoli 5%, Pools of mucin and foamy intra-alveolar
macrophages may suggest presence of mucostasis *°. Foci of skeletal muscle may be seen in
septa between larger cysts [Au: Please reference.]. Prominent lymphangiectasia is seen in a

subset of extralobar bronchopulmonary sequestrations. [Au: Please reference.]

H3] CLO

In CLO, tissue architecture is maintained, unlike in acquired emphysema. However, lack of acinar
maturation with age and overinflated alveoli are seen. In many CLOs, there are normal numbers
of radial alveoli at birth, but with acinar development arrested in the postpartum period. In the
hypo-alveolar and poly-laveolar subtypes fewer or more than the expected number of alveoli are

present, respectively!!?,

H3] BC

BC presents as a unilocular cyst filled with serous or mucinous material, lined by respiratory type

epithelium, reminiscent of bronchial wall with variable amounts of seromucinous glands, cartilage,
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and smooth muscle. [Au: Please reference.] Secondary changes related to previous infection or
procedures may include acute and chronic inflammation with epithelial denudation or squamous
metaplasia, and evidence of hemorrhage with cholesterol clefts and/or hemosiderophages, as well

as variable fibrosis. [Au: Please reference.]

H3] CBA

Surgical specimens of CBA have an atretic bronchus with distal pink hyperaerated lung with
occasional subpleural blebs 2. There is no proximal or central tracheal communication of the
atretic bronchus, whereas distal to the atresia there is cystic dilatation of the bronchus, sometimes
amounting to a mucocele, that contains plugs of desquamated tissue and mucus as an unvarying
component!'?, The blind end of the proximal or distal bronchus is lined with bronchial epithelium
without scar formation or granuloma . Microscopic examination of the distal pulmonary
parenchyma is essentially normal except for dilatation of alveoli and hypoplasia as evidenced by

a reduced number of alveoli per unit area *2,

[H1] MANAGEMENT

[H2] In utero management

[H3] Maternal steroids

The first-line therapy for giant microcystic lesions (CVR>1.6) and hydrops or impending hydrops
is maternal administration of two doses of systemic steroids 13.[Au: We do not include dosing
information in Primers, as these can change over time, so | have removed this here.) This
treatment is most effective before the 26th week of gestation. 114115, [Au: Edit OK?] It has been
suggested that steroids act by speeding the passage from canalicular to saccular stage of lung
development % (Figure 3). However, steroids show limited efficacy in fetuses with macrocystic

lesions ¢ [Au: Edit OK?].
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[H3] Thoracoamniotic shunts

When hydrops complicates a pregnancy with large lesions containing a dominant microcyst [Au:
Do you mean in the fetal lungs? Please specify.] , the insertion of a thoracoamniotic shunt
(TAS) (Figure 3) [G] has been demonstrated to decrease the mass [Au: the mass of what?
Please specify.] , improving hydrops, and increasing fetal survival 2. This ultrasonography-
guided minimally invasive procedure can rely on double pigtail catheters to minimize
dislodgement. However, it carries risk of premature preterm rupture of membranes, preterm labor,
chorioamnionitis, shunt occlusion or dislodgment, and chest wall deformities 3.

H3] Fetal surgery

The introduction of steroid therapy has considerably limited the need to recur to fetal surgery in
case of severe hydrops before the third trimester 7. Similarly, the indications for EXIT-to-resection
[Au: Please briefly explain the EXIT-to-resection procedure for the less familiar readers.]
management with the aim of creating space for the the lung to function postnatally[Au: OK?], are
very rare and considered for giant lesion with CVR >2 and persistent mediastinal shift 7.

[H3] Fetal management of BPS

Expectant management of fetuses with BPS and associated hydrops can lead to pulmonary
hypoplasia and consequent poor prognosis '811°, However, the use of TAS has proved to help
decreasing the hydrops, and neonatal death 3. Laser coagulation of the feeding vessel contributes
to decrease the malformation’s volume ?° (Figure 3). A multicenter study *?* has demonstrated
that laser ablation interrupting blood supply to the malformation helps to achieve better perinatal
outcomes compared with TAS, including longer gestational age and less frequent postnatal

surgery. [Au: Edit OK?]

[H2] Postnatal management
[Au: | suggest introducing a new level of subheadings here, to make the distinction

between in utero and postnatal management clearer. OK?]
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[H3] Management of asymptomatic CLMs.

[Au: The heading and text of this section was edited to address concerns raised during the
second round of peer review. Please check all edits for accuracy, and consider moving this
subsection to the end of the section, after the discussion of surgical treatment.]

Prenatally diagnosed CLMs that are symptomatic at birth or become symptomatic during the
neonatal period are managed with surgical resection. However, there is still an unresolved
controversy among pediatric surgeons about management of prenatally diagnosed CPAM, BPS,
or BC that are asymptomatic after birth. Most pediatric surgeons are still in favour of prophylactic
surgical resection of asymptomatic CLMs (Figure 5). However, some specialists consider
conservative (non-operative) management as an alternative to surgical resection, unless
symptoms and complications emerge 70122123,

Three lines of argumentation are used by clinicians favoring a conservative management
approach. First, it has been suggested that unnecessary surgery and general anaesthesia may
have negative effects on long-term neurodevelopment, and some potentially serious, or even life-
threatening complications, in infants 8124127 Second, it has been argued that most asymptomatic
cases remain asymptomatic during childhood 707%133135  Third, professionals favoring the
conservative non-operative management consider the risk of malignancy as being small 7.
However, normal neurodevelopment outcomes have been demonstrated for children who undergo
surgical removal of a CLM in comparison with their healthy peers %2, and early prophylactic
elective surgery can facilitate compensatory lung growth 7.

Moreover, records of long term follow-up for emergence of symptoms later in life are lacking. Of
the few patients with CLMs that have been followed up until adulthood, an 80% have become
symptomatic and often present with acute onset of symptoms at diagnosis 3¢-1*°, In addition, pre-
operative infections make surgery more challenging in patients presenting with symptoms later in

life [Au: Edit OK?] and increase the rate of conversion to thoracotomy 24°.
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Finally, even though the true incidence of malignancy in patients with CLMs remains unknown,
lung cancer may appear at any age and is accompanied by nonspecific symptoms that may be
missed [Au: Edit OK?Please clarify the significance of symptoms being nonspecific] *°,
whereas radiological imaging fails to predict risk of malignancy or provide an early diagnosis of
cancer®. [Au: Edit OK?]

The real conundrum in following a conservative approach is to design a clear follow up program
for the patients in terms of frequency, duration, and methodology. Chest radiograph (CR) is
inadequate to detect CLMs [Au: How is this relevant for the management discussion,
considering that it concerns management of asymptomatic but already diagnosed patients
with CLMs? Would it be more fitting to note that CR is inadequate to detect any alterations
in CLMs, including malignant transformation?] %. Repeated exposure to chest CTA poses a
risk of iatrogenic malignancy #!, precluding its adoption for radiological surveillance during
childhood. In addition, long-term surveillance is challenging in terms of high cost, patient
compliance, and transition of care with the involvement of adult thoracic surgeons and
pulmonologists [Au: Edited for clarity. OK?] 7.

[H3] Surgical treatment

[Au: Please add an introductory sentence to this section, to present all surgical
procedures currently available for CLM resection. Further below in the text, the procedures
of segmentectomy, or pneumonectomy, are mentioned without having been introduced. In
addition, please consider commenting on whether all surgical procedures discussed here
are equally accessible to patients across the globe.] Thoracoscopic lobectomy in children for
CLMs should be considered the standard of care 2142145 hecause it is a minimally invasive
approach with improved visualization. The thoracoscopic approach, which has been proved to be
feasible at any size and weight of the patients 122 has decreased the invasiveness of the
surgical procedure, resulting inf[Au: OK?] less pain, shorter hospital stay, and decreased long

term morbidity, including a decreased risk of chest wall deformity, shoulder girdle weakness, and
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scoliosis, in comparison with open thoracotomy 30131 Moreover, the magnification provided by
thoracoscopy enables better visualization, especially of fissures and vessels 3. [Au: This text
was moved here from above to improve the text flow. OK?]

The timing of resection is debatable with some preferring earlier surgery, by 4 months of age
(Figure 5), and some as late as 1 year of age, although delayed resection has not shown improved
outcome %4¢; in older infants, substantial adenopathy and inflammation in the fissures and around
the pulmonary artery can lead to more difficult identification and safe division of these vessels
(Figure 4). Data suggest earlier resection is associated with shorter operative times, hospital stays
and reduced rates of inflammation in specimens 129147149 This[Au: What specifically?] may also
reduce the likelihood of pre-operative respiratory infections, which can distort tissue planes, create
thick adhesions and complicate surgery, causing more frequent conversion from a minimally
invasive approach to open surgery because of impaired visualization and difficult lung mobilization
140150 Moreover, the same patients with pulmonary infections before surgical treatment had
increased incidence of post-surgery infections 140

In asymptomatic CLO or CBA, there is agreement that no surgical treatment is required 5,
However, if CLO or CBA become symptomatic due to progressive air trapping of the affected lobe
or infection, respectively, surgery is performed.

The last consideration is whether a lung-sparing approach is indicated in smaller lesions 52153, A

sublobar anatomical resection is especially relevant if there is multi-lobar disease.

[H1] QUALITY OF LIFE

[Au: I have removed the subheading, as there was no second subsection .] So far, literature
reviews on CLM outcomes [Au: Edit OK?] have mainly focused on patients having undergone
surgery and, particularly, [Au: Edit OK?] on how the timing of partial lung resection can enhance

compensatory lung growth 15156 Modalities in diagnostics and surgical techniques have changed
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over time.[JAu: OK?] The introduction of structural fetal ultrasonography that has led to an
increased antenatal detection rate ° and intensive care treatment, has helped improve survival
rates of neonates with severe respiratory problems, and minimal access surgery has gained
popularity *?6. Moreover, lung-sparing techniques have been introduced **’. Thus, the data on
long-term outcomes of children born in the past century can probably not be extrapolated to the
cohort of neonates born with CLM during the past X years [Au: If possible specify the time
frame you are referring to here.]. To optimize postnatal management and parental counselling,
an international multicenter registry is important and initiatives for such a registry are underway
156 [Au: OK?]

Uniform data on pulmonary morbidities, which would be required for optimal counselling on
growing up with CLM, are still lacking, especially data on general health, quality of life, and societal
participation. [Au: Edit OK?] The focus is on [Au: Do you mean the focus of the currently
available data? Please specify.] general outcomes, such as physical growth, disease-specific
outcomes, such as respiratory tract infections, lung function and exercise tolerance, and
treatment-related outcomes, such as musculoskeletal deformities.

Physical growth in infancy was found to be similar between infants who underwent surgical CLM
resection and conservatively treated patients with asymptomatic CLM %8, In a prospectively
followed cohort of patients with resected CLM, weight-for-height was slightly below normal [Au:
Do you mean below average?] at 2 years of age but within the normal range at 8 years of age
159 [Au: Edit OK?] Similar observations were reported in an Italian cohort of patients with CLM
who underwent surgery 16°,

Susceptibility to respiratory tract infections was studied in a population-based cohort including 31
individuals with resected CLM that were born between 1991 and 2007¢. Pneumonia and
infections, including influenza, were more common in CLM-resected individuals than in the control

cohort of 310 individuals of a population-based administrative data repository .
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Small studies assessing lung function during infancy showed mild abnormalities in heterogeneous
groups of patients with CLM, including reduced tidal volumes [G] 16213, reduced lung compliance
[G] 162, and increased airflow obstruction 8. Interestingly, reduced lung compliance and airflow
obstruction had also been reported in infants with CLM who did not undergo lung resection 158162,
At school age, airflow obstruction mainly occurred in children who had undergone resection 15164,
although normal spirometry was reported in 76-86% of patients'®®. Exercise tolerance has been
studied in only one group of eight-year-old participants of a structured longitudinal follow-up
program. Reduced exercise tolerance was observed in 40% of children who underwent resection
and in 28% of the non-surgery group **°. Lobectomy had been performed in most of the operated
patients, although pneumonectomy or segmentectomy [G] was done in few patients. The current
results do not enable drawing any conclusion on the optimal surgical strategy for preservation of
lung volumes, and functional MRI may be useful for further evaluation in the future . Minimally
invasive surgical techniques seem to have more favorable outcomes than thoracotomies in terms
of lung function " and development of musculoskeletal deformities 16816,

International collaboration and registries for CLMs and the various treatment modalities,
complications, and outcomes are important to determine the long-term quality of life of patients

with CLM.

[H1] OUTLOOK

[H2] Future perspectives in surgical treatment

[Au: Please consider adding an introductory sentence to this section, as it presently starts
quite abruptly.] A combination of virtual reality (VR) and augmented reality (AR) with emerging
artificial intelligence (Al) algorithms has been explored for the preoperative planning of pulmonary
segmentectomy in adult patients *7°. In addition, a combination of VR and Al has also been used

to preoperatively identify the exact vascular and bronchial anatomy and segmental borders [Au:
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The highlighted sentence was moved here from below, to improve the text flow. OK?] in
children with CLM*"*, However, although this approach could be used to remove gross disease,
microscopic lesions might be left untreated, maintaining the risk of malignant transformation
19172173 Unfortunately, current imaging modalities do not adequately distinguish between healthy
and abnormal lung [Au: Do you mean ‘lung parenchyma’?], at least not at a microscopic level.
Moreover, segmentectomy is burdened by a higher incidence of complications ’* [Au: The
highlighted sentence was moved here from below, to improve the text flow. OK?]

Thus, VR- and Al-led anatomical segmentectomy could be considered as an approach only in
cases where gross disease seems to be limited to a single segment. The resection must be based
on segmental anatomy to try and ensure all affected tissue is removed, not a blind wedge resection
using an endoscopic stapler. [Au: | am not sure | understand this statement. Wouldn’t
resection based on anatomical segmentation be based on segmental anatomy anyway?
Perhaps consider removing the highlighted sentence?] that

Robotic surgery has been widely applied in adult patients, especially for urological and
gynecological surgeries, but also in thoracic oncology '’®. The technical advantages over
thoracoscopy include intuitive movements, more manipulative freedom, and high-definition
stereoscopic vision. Moreover, similarly to thoracoscopy, robotic surgery has been associated with
shorter hospital stay, quick restart of daily activities, and better cosmesis [Au: Please reference
this statement.]. Although robotic surgery has been expanded to pediatric patients [Au: Edit
OK? Please reference this statement.] , its uptake in younger infants, especially for procedures
in the thorax, has been slow due to technical challenges . The reduced chest space of neonates
[Au: Edit OK?] would call for a miniaturization of the devices [Au: I've removed technical detail
to maintain the focus on the key message. OK?] and for a smaller distance between ports to
decrease external cluttering 176177, So far, only a few series of pediatric robotic-assisted thoracic

surgery have been reported’”*’8, and even fewer infants with CLMs have undergone robotic-



820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

w

4

assisted lobectomy 7°. Until a dramatic miniaturization of the devices is reached, robotic-assisted

thoracic surgery won’t be an option for small infants.

[H2] Association between CLMs and lung tumors

[Au: The heading of this section is almost identical as the heading of a subsection under
epidemiology. Please merge the two parts of the text, keeping epidemiological information
under the epidemiology section and moving the discussion relating to management under
the management section. The ‘Outlook’ section should only highlight any open questions
that will help resolve any controversies about the diagnosis and management of CLMs and

improve disease management.]

beginninglitis'stillinderdebated[Au: Please merge highlighted information with the relevant

discussion and citation of reference 19 under the epidemiology section.] It has been
suggested that the cysts serve as a vehicle for the retention and persistence of unstable
mesenchymal cells ¥, [Au: What cysts are you referring to here? Please specify the
relevance of unstable mesenchymal cells for malignant transformation and move this

information under the mechanisms/pathophysiology section.] PllMonaryrcystswere

[Au: Diagnosis of CLM or of cancer? Please specify.] 7.

diagnosis'or predatinglit’ [Au: | suggest deleting this sentence to avoid repetition of what
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has been mentioned already above.ﬂ In either cases, prophylactic resection might protect the
patients from developing a PPB or at least provide early resection of this malignant lesion 118,
Among adult patients, 43.5% of CLMs were associated with adenocarcinoma, 15.2% with
squamous cell carcinoma, 7.6% with bronchial carcinoid. [Au: Please move this information
under the epidemiology section.]

Second, CPAM, BPS, BC have been found to be associated with malignant lung lesions,
confirming that these anomalies are more a continuum of developmental disorders than separate
entities. On the other hand, even though some histological types of CLMs appear more often
associated with specific types of lung tumors, a definitive pattern could not be described,
challenging any speculation about considering some CLMs among CPAM, BPS, and BC “safer”
than others and eligible for conservative treatment. Third, the onset of malignant transformation
happens at any age starting from months of life up to elderly patients *°, making a lifelong follow
up imperative in case of conservative treatment. Fourth, and closely related to the third issue, the
interval of time between the first detection of a CLM and the discovery of an associated tumor is
very variable. Fifth, all available radiological techniques may help in suspecting the diagnosis, but
they fail to give a definitive confirmation of the presence or not of malignant transformation.
Consistently, in all cases, both in children and adults, the diagnosis of association between the
CLM and a lung tumor was made by the pathologist *°. These data should be kept in mind when
counselling the parents of an asymptomatic child with CPAM, BPS, or BC. [Au: Please condense

the discussion highlighted in yellow and move it under the management section.]

[Au: Please provide two or three sentences that summarise the direction of the field overall

in the next 10 to 20 years as a concluding remark.]

[Commentato [A1]: Refers to deleted text
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LEGEND FOR FIGURES.

Figure 1: Types of congenital lung malformations.

Abnormal organogenesis or dysregulation of cellular signaling within the epithelial-mesenchymal
interaction during embryonic development might cause a congenital lung malformation (CLM).
The timing of this dysregulation determines the type of CLM, which comprise five subtypes of
congenital pulmonary airway malformations (CPAMSs); bronchogenic cysts; bronchopulmonary
sequestration, which can be intralobar or extralobar; congenital lobar overinflation; and congenital
bronchial atresia. [Au: Please add some additional information here to describe the figure in
further detail. For example, please define and describe the five types of CPAM, the
cellular/histological origin or timing of embryonic dysregulation associated with each of
the CLMs. Furthermore, please clarify to the reader why Figure parts a and b are required;
from the legend, it currently seems that all these CLMs are equivalent, but the Figure

suggests otherwise by being split into two parts.]

Figure 2: Histology of congenital pulmonary airway malformation type 1 (CPAM 1) with
mucinous cell clusters.

Low power (A) and high power (B) micrographs of CPAM type | lesion demonstrating large cystic
spaces (*) lined by non-atypical respiratory and cuboidal epithelium, surrounded by alveolar tissue
with collapsed but apparently normal morphology, with focal proliferation of columnar mucinous
cells (arrows). These mucinous proliferations, as well as the adjacent cystic spaces were shown
to contain a KRAS exon 2: ¢.35G>A; p.G12D mutation by next generation sequencing.[Au:
Please provide the magnification values, and staining method.] [Au: We do not
acknowledge provision of images if they have been provided by an author of the article, so

| have removed.]



37

Figure 3: Prenatal congenital lung malformation (CLM) diagnosis and management
a.[Au: Please specify imaging technique for part a.] Prenatal diagnosis of CLM relies on the
size of the lungs and the identification of space-occupying lesions, either solid or cystic, within the
fetal thorax. Congenital pulmonary airway malformation (CPAM) may present as either a
multilocular lesion with cysts (macrocystic type), or as a well-defined homogeneously
hyperechogenic mass (microcystic type). Bronchopulmonary sequestration (BPS) appears as a
homogeneously hyperechogenic mass, indistinguishable from the microcystic type of CPAM.
However, exploration with color Doppler ultrasonography should highlight an aberrant feeding
artery arising from the aorta [Au: Please indicate what parts of the figure show the aberrant
feeding artery.] . Congenital lobar overinflation (CLO) appears as uniformly enlarged lung, mildly
hyperechoic, without cysts or systemic arterial supply, like microcystic CPAM. Both macrocystic
CPAM and BPS can cause fetal hydrops, which would benefit from the insertion of a thoraco-
amniotic shunt and from vascular laser ablation, respectively. [Au: What about maternal
steroids?]

b. lllustrative diagram of CPAM volume ratio (CVR) and its calculation on prenatal ultrasonography
images. CVR is a sonographic indicator of the mass volume normalized for gestational age to
evaluate fetuses at risk of developing hydrops. [Au: Please insert labels on the figure and
update the figure legend to define the color code used for the arrows measuring the various
dimensions used for CVR calculation.]

_[Au: We do not acknowledge provision of images if they have been provided by an author

of the article, so | have removed.]

Figure 4: Asymptomatic patient with CPAM becoming symptomatic.
A: Anterior Posterior chest radiograph at birth shows some radiolucent round abnormalities in the
perihilar region of the right lung (arrow). B: Coronal lung window of chest Computer Tomography

Angiography (CTA) at 6 months shows multicystic lesion (arrow), with cysts <2 cm surrounded by
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low-density lung parenchyma, which is consistent with a congenital pulmonary airway
malformation (CPAM) type 2. C: CTA at 5 years old of the same patient admitted with signs of
pneumonia. The coronal CT reformat shows consolidation (arrow) of the lung parenchyma
surrounding the cystic component of the CPAM. [Au: We do not acknowledge provision of

images if they have been provided by an author of the article, so | have removed.]

Figure 5: Algorithm of postnatal diagnosis and surgical management in
asymptomatic and symptomatic congenital lung malformations (CLM).

In asymptomatic prenatally detected CLM, the diagnosis must be confirmed with Computer
Tomography Angiography (CTA) at 2 months. Asymptomatic congenital lobar overinflation (CLO)
can be managed conservatively. However, if CLO becomes symptomatic due to progressive air
trapping of the affected lobe, surgery is performed.[Au:What about CBA that is mentioned in the
Figure?] By contrast, asymptomatic congenital pulmonary airway malformation (CPAM),
bronchopulmonary sequestration (BPS), and bronchogenic cyst (BC) undergo elective surgery by
5-6 months of age [Au: Please ensure consistency between the figure and the figure legend.
Elective surgery by 4 or by 5-6 months?] .

A symptomatic newborn needs emergency chest radiograph (CR) [Au: Please check whether
this is consistent with what is described in the main text.] and CTA to confirm prenatal
diagnosis, and in case of persistence of symptoms, undergoes emergency surgery.

In case of incidental detection of a previously undiagnosed CLM, a CTA is needed to confirm the
diagnosis and elective surgery is planned. When a CLM is suspected in a symptomatic patient,

CR and CTA are needed to confirm the diagnosis and surgery is planned as soon as possible.
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Boxes

Box 1. Lung development

[Au: I've made some edits to shorten to get closer to the max word limit of Boxes.]

Lung development begins at 4 weeks of gestation and can be classified into five stages 82
Embryonic: Two lung buds appear as sacs of respiratory epithelial cells on the ventral part of the
foregut 3. Several genes are expressed at this stage: Nkx2-1, encoding TTF1, in the ventral wall,
and Sox2, Hox 5 and Hoxb5 in the dorsal wall of the anterior foregut “2. At 4-7 weeks, the lung
buds extend and separate into branches creating the primitive bronchi [Au: Please reference
this statement.] , while the pulmonary arteries develop from the 6" aortic arches and form a
vascular plexus by growing into the mesenchyme 4. Simultaneously, BMP4 and its antagonists
Noggin, FGF10 and Wnt are expressed on mesenchyme %8 [Au: Which Wnt are you referring

to? Also, please use protein nomenclature for Wnt for cosnsitency.] Dicer1, which encodes
an endonuclease involved in the maturation process of siRNAs and miRNAs, generally influences
embryonic development and normal cell physiology. '*. Dicer1 inactivation in the lungs of mouse
embryos shortly after the beginning of lung branching caused branching defects and prolonged
ectopic cell death . [Au: | have moved the text part on Dicer 1 here from below, to improve

the text flow. OK?]

Pseudo-glandular: By the end of 7 weeks, repetitive sprouting forms pre-acinar airways. At 8-16
weeks, the primitive airway epithelium starts to grow and FGF10 regulates differentiation 184187,
Sox2 and Sox9[Au: Protein nomenclature?] are the main transcription factors in lung progenitor

cells for branching morphogenesis and cell differentiation 188189,
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Canalicular stage: At weeks 16-25, the blood—air barrier and the terminal bronchial branches take
shape. At ~20 weeks, pulmonary epithelium cells differentiate into type | and type Il pneumocytes,
which are crucial to lung development . The pulmonary vessels also begin to proliferate and
develop the mesenchymal capillary network.

Saccular stage: This stage, starting at 24 [Au: Above, it is stated that the canalicular stage
ends at the 25" gestational week. Please check for consistency.] weeks of gestation is the
earliest period of lung viability and the formation of saccules on terminal airways. Surfactant
production begins at ~26 weeks and primitive alveoli start to develop at 30 weeks 191192,

Alveolar stage: This stage begins after birth and continues for 4-5 years with secondary septation
in saccules. Alveolar ducts are divided into terminal alveoli and 85% of alveoli are formed after
birth. The gas exchange surface area of the lung expands, and the thoracic growth carries on until

adolescence.
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[Au: This box contains a high level of technical detail, which is above the scope of Primers
published in Nature Reviews Disease Primers. As this article contains eight display items
in total, we suggest removing this box, which would be more suitable for the readership of

amore specialized journal. ]
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Box 2. Adults with CLM [Au: Please cite this box in the main text.]

Most CLMs are diagnosed during pregnancy. However, some remain undetected in the prenatal
period and in childhood and are discovered in adulthood. An insight into the management of adults
with CLM might give the pediatric specialists a perspective of the possible future of children with
CLMs treated conservatively.

Most adult patients with CLM (80%) complain about cough and respiratory infection as acute
events or as recurrent symptoms throughout life; however, nearly 20% remain asymptomatic and
the CLM is incidentally detected at screening imaging.[Au: Or because of imaging for other
reasons, as was stated above (now removed to avoid redundancy). Also, please reference.]
The presence of a CLM has been described in patients aged from 15 to 80 years. In all patients,
a CR is performed as first line imaging and, in all cases, can reveal an infection, but fails to detect
the CLM. A CTA is, therefore, always performed to define the diagnosis and plan the surgery 3.
Adult thoracic surgeons recommend surgical resection as treatment of choice in all adult patients
with CLM [Au: Edit OK?] , even in asymptomatic cases, as they are concerned about the
susceptibility to infections and the risk of malignant transformation, which has occurred in almost
10% of prenatally undiagnosed CLMs [Au: Edit OK?] described in literature 1313, Conservative
treatment is offered only when surgery is not feasible together with the recommendation of annual

CTA to monitor the CLM. [Au: OK?]
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Glossary

[Au: Please provide definitions for some newly suggested glossary terms (if you agree)
and check terms that have been removed as they no longer appear in the main text.]

Pulmonary arteriovenous malformations:
Epithelial-mesenchymal interaction: a series of programmed, sequential and reciprocal
communications between the epithelium and the mesenchyme with its heterotypic cell population

that result in the differentiation of one or both cell populations.

Congenital anomalies: structural or functional anomalies occurring during intrauterine life, and
affecting 3-6% of global live births (WHO definition)[Au: Please reference.]

Congenital diaphragmatic hernia: is a defect in the diaphragm causing the herniation of
abdominal contents into the thoracic cavity, resulting in lung hypoplasia and altered pulmonary

vascular development.

Esophageal atresia: is a rare congenital malformation characterized by an interruption in the
continuity of the esophagus, with or without persistent communication with the trachea.

Hydrops: abnormal interstitial fluid collection in two or more compartments of the fetal body

Acinar-like tissue: A tissue composed of polarized epithelial cells rich in rough endoplasmic
reticulum and characterized by an abundance of secretory zymogen granules.

Acinar dysplasia: A rare malformation characterized by growth arrest of the lower respiratory
tract and complete absence of gas exchanging units, resulting in critical respiratory insufficiency

at birth.

Pores of Kohn: Small communications between adjacent pulmonary alveoli that provide a
collateral pathway for aeration.

Channels of Lambert: Microscopic collateral airways between the distal bronchiolar tree and
adjacent alveoli.

Bronchomalacia:
Vascular sling:
Mediastinal shift: The deviation of the mediastinal structures towards one side of the chest cavity

Mucocele:
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Esophageal duplication: separate masses along or in continuity with the native esophagus
Foregut duplication cysts: benign developmental anomalies that contain foregut derivatives

Polydramnios: a condition that occurs when too much amniotic fluid builds up during
pregnancy[Au: What effect does this have? Please briefly add.]

Mass effect:
Thoraco-amniotic shunt: The shunt drains fluid from the lung into the amniotic sac.[Au: Please
check wording here and amend.] treat pleural effusion, i.e. in congenital pulmonary airway

malformations (CPAMSs)

Tricuspid annular plane systole excursion (TAPSE): is a scoring system used with non-
invasive Doppler echocardiography to determine right ventricular function.

[Au: This term was removed, as it no longer appears in the text. OK?]
[Au: This term was removed, as it no longer appears in the text. OK?]

[Au: This term was removed, as it no longer appears in the text. OK?]
Tidal volumes: is the amount of air that moves in or out of the lungs with each respiratory cycle

Lung compliance: a measure of the expansion of the lung,

Segmentectomy:



