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ABSTRACT

Background: Congenital pulmonary malformations (CPMs) are rare
developmental anomalies affecting the airways, lung parenchima, and
intrathoracic vasculature. Their reported incidence has increased with the
widespread use of prenatal imaging. Although often asymptomatic, some
CPMs carry a risk of respiratory complications and malignant
transformation.

Objective: To summarize current knowledge of the classification,
pathogenesis, diagnosis imaging, and clinical implications of CPMs
Summary: CPMs result from disruptions in embryonic lung development
and involve key signaling pathways such as SHH, WNT, BMP, FGF, and
TGF-B. Mutations and transcription factors like NKX2.1 and SOX2, along
with genetic alterations (e.g. KRAS, DICER) have been identified in
several CPMs. Recent advances fetal images studies and postnatal CT
angiography have improved early diagnosis and lesion characterization.
Long-term studies reveal that even asymptomatic lesions may progress,
with a subset showing malignant transformation.

Conclusion: A multidisciplinary approach is essential for managing
CPMs. Understanding their molecular basis and identifying prognostic
markers are critical for risk stratification and guiding treatment.
Standarized classification and longitudinal studies are needed to
optimize outcomes.
Keywords: Congenital

pulmonary malformations, CPM, lung

development, prenatal imaging, malignancy risk.
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Introduction

Congenital pulmonary malformations (CPMs) represent a
diverse spectrum of developmental anomalies that
originate from disturbances in the embryogenesis of the
airway, pulmonary  parenchyma, and thoracic
vasculature. Their true incidence remains uncertain due fo
the absence of standardized registries and uniform
diagnostic criteria. Historical data have estimated the
prevalence of CPMs at 0.5 to 1.5 cases per 10,000 live
births. However, in recent decades, the reported
frequency has significantly increased, reaching
approximately 4 cases per 10,000 live births, according
to EUROCAT data 12 This rise is more likely attributable
to enhanced prenatal detection, facilitated by routine
obstetric ultrasound and fetal magnetic resonance
imaging (MRI), than to a genuine increase in disease

prevalence.

The expanding use of advanced imaging techniques has
not only improved the early diagnosis of CPMs but also
fueled a deeper understanding of their heterogeneous
nature and potential clinical implications. There is
controversy about the evolution of CPMs, although
asymptomatic malformations have been considered to
have a benign evolution, they are now recognized as
lesions with variable prognosis, including the potential for
postnatal respiratory complications and, in some cases,
malignant transformation. These observations have
stimulated renewed interest in elucidating the underlying
pathogenic mechanisms and refining the classification
systems used for these anomalies. In this context, recent
insights into the molecular, genetic, and epigenetic
alterations associated with CPMs have advanced our
understanding of their developmental origins. Numerous
signaling pathways, such as SHH, WNT, BMP, FGF, and
TGF-B, and transcription factors like NKX2.1, SOX2,
HOXB5, and GATA6 play critical roles in lung
organogenesis. Disruptions in their temporal or spatial
expression can result in different malformations, ranging
from cystic lesions to complex hybrid anomalies.

Furthermore, current evidence shows that immunological
alterations and environmental factors are involved in the
pathogenesis of CPMs. This article aims to provide a
comprehensive overview of congenital pulmonary
malformations by addressing their classification,
embryologic basis, and molecular pathogenesis, while
also  discussing current  diagnostic  approaches,
radiological features, and long-term clinical implications.
With this we seek to highlight the importance of a
multidisciplinary approach that integrates developmental
biology, genomics, imaging and clinical practice in the

management and study of these pathologies.

Molecular Mechanisms Involved in the
Pathogenesis of Congenital Pulmonary

Malformations

Multiple hypotheses have been proposed regarding the
pathogenesis of congenital pulmonary malformations
(CPMs). Suggested mechanisms include prenatal
infections, disruptions in vascular development, airway
obstructions, and genetic alterations affecting key
processes in pulmonary morphogenesis. These theories
are not mutually exclusive, and their interaction may
explain the wide heterogeneity of CPMs and the
coexistence of multiple anomalies within a single
malformation.

To adequately understand the origin of CPMs, it is
essential to comprehend the biological processes involved
in normal lung development, the participant molecular
factors, and the interactions required for proper
organogenesis.

In recent years, several studies have identified several
critical signaling pathways involved in lung development,
identifying numerous factors with relevant regulatory
roles. Among them, the transcription factors FOXA1 and
FOXA2 (members of the Forkhead box superfamily), as
well as GATA4 and GATAé6 (zinc finger transcription
factors), stand out for their early expression in the
endoderm and induction of genes such as SHH (Sonic
Hedgehog) 34. SHH pathway is critical for anterior
foregut differentiation and pulmonary bud formation
and regulates the expression of NKX2.1 (also known as
TTF-1, thyroid transcription factor-1), which is essential
for the development of the pulmonary primordium35.

The SHH pathway also modulates the expression of bone
morphogenetic proteins (BMPs) and WNT2/2B genes,
which are key components for bronchial branching.(6)
Notably, BMP4 inhibits the transcription factor SOX2,
which is involved in esophageal development, thereby
promoting NKX2.1 expression and pulmonary lineage
specification 7-9.

Additionally, other factors actively participate in lung
morphogenesis and airway branching, including
fibroblast growth factors (FGFs), the transforming growth
factor-beta (TGF-B), and the transcription factor HOXBS,
which plays a crucial role during the pseudoglandular
stage of lung development and ceases expression after
bronchial branching is complete 10-12,

Furthermore, effectors of the Hippo signaling pathway—
particularly YAP (Yes-associated protein) and TAZ
(Transcriptional coactivator with PDZ-binding motif) have
shown to modulate lung growth, bronchial branching, and
cellular differentiation 13.

Matrix metalloproteinases (MMPs), especially MMP-7
and MMP-9, have also been found overexpressed in
certain CPMs. These enzymes, responsible for degrading
components of the extracellular matrix, may alter the
cellular  microenvironment and contribute to the
pathogenesis of these anomalies 4.
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It is worth emphasizing that the expression of molecular
factors must be tightly regulated both temporally and
spatially during lung morphogenesis. Disruption of these
mechanisms can disturb the balance between cellular
proliferation and apoptosis, leading to various types of

congenital malformations. Research over the past
decades has established associations  between
dysregulation of these pathways and the emergence of
several CPM subtypes, some of which are summarized in
Table 1.

Table 1. Molecular Alterations and Signaling Pathways Associated with Congenital Pulmonary Airway Malformations

(CPAM)
Pathway / Factor Observation
BMP Alteration of BMP leads to cystic lung lesions's

TBX4-FGF10

Associated with CPAM Type O (acinar dysplasia); overexpression of FGF-10 induces macro
and microcystic malformations 16-18

HOXB5, TTF1,
FGF9, and FGF7

Increased expression of HOXB5, TTF1, and FGF9 and decreased FGF7 have been found in
fetal CPAM lesions. Ectopic expression of FGF7 and FGF10 and orthotopic expression of
FGF9 disrupt pulmonary morphogenesis 1819

HOXB5 Aberrant expression has been linked to the development of extralobar pulmonary
sequestration 10,12

TTF1 Altered expression has been observed in CPAM types 1 and 2 and variably in type 4 20

TGF-B Dysregulation of TFG- B leads to pulmonary hypoplasia and cystic malformations 10

NKX2.1 and SHH

Mutations cause tracheoesophageal fistulas and pulmonary hypoplasia.

SOX2 and TTF1

CPAM types 1 and 2 2!

SOX2 is absent in adult pulmonary epithelial cells but present alongside TTF1 in cyst cells of

Genetic and Epigenetic Advances in the
Understanding of Congenital Pulmonary

Malformations

Recent advances in molecular genetics, particularly the
development of technologies such as RNA sequencing,
next-generation sequencing (NGS), and DNA methylation
analysis, have enabled the identification of significant
genetic differences between normal and malformed lung
tissues. These techniques have facilitated the detection of
gene alterations involved in the genesis of congenital
pulmonary malformations (CPMs) but also in the
development of certain neoplasms.

One of the most relevant experimental findings has been
the overexpression of the SOX2 gene in the pulmonary
epithelium of murine models, which disrupts bronchial
branching and induces the formation of cystic structures
resembling those seen in human congenital pulmonary
airway malformation (CPAM) 15, Likewise, both the loss
and gain of function of the SOX9 gene have been
associated with pulmonary cyst formation, indicating its
critical role in lung morphogenesis 22,

Somatic KRAS gene mutations in CPAM have been
identified in the epithelium of cysts. This oncogene is well
known for its involvement in several neoplasms, including
pancreatic adenocarcinoma and non-small cell lung
cancer 23, The current hypothesis suggests that mucinous
proliferations induced by KRAS mutations could develop
adenocarcinoma in situ. A study conducted by Hermelijn24
reported the presence of KRAS mutations in CPAM
specimens, supporting the hypothesis that these lesions
may have a neoplastic nature.

Another gene of interest is DICER, whose dysfunction has
been associated with both abnormal lung development
and tumor predisposition. In animal models, FGF10
overexpression induced by DICER alterations results in
halted bronchial branching and the formation of large
epithelial cystic structures 25. Additionally, germline

variants of the DICER gene have been identified in
patients with type | pleuropulmonary blastoma (PPB),
suggesting a potential role in pulmonary oncogenesis 26

Other genes, such as Activin receptor type I, Leftyl,
Nodal, and Pitx2, involved in the regulation of pulmonary
symmetry, have also been proposed as potentially
implicated in the pathogenesis of certain CPMs. Similarly,
overexpression of genes related to the structure and
function of ciliated epithelium—DNAH2, DNAHITI,
CFAP43, CFAP46, RP1, CFAP77, RSPH4A, and DRC3—
has been reported in CPMs 16. This could suggest an
alteration in epithelial differentiation mechanisms 27.

Current research is also focused on identifying potential
genetic markers of CPMs and risk markers for malignant
transformation. In this context, the SMAD6 gene, a
negative regulator of the TGF-f signaling pathway, as
well as KRAS-dependent genes, have been proposed as
candidates with diagnostic or prognostic value 16:28,

In this direction, van Horik et al. studies.(29) have
explored the predictive value of various molecular
markers (including MUC1, SOX2, FTT1, and RALDH-1),
which could help identify CPM patients at higher risk of
developing pulmonary neoplasms.

In the field of epigenetics, DNA methylation alterations,
particularly in regions near genes associated with
embryonic development and cell proliferation, may also
play a role in the genesis of CPMs. This was demonstrated
in a study by Patrizi et al., which identified methylation
abnormalities previously described in lung tumors and in
PPB  within a series of congenital pulmonary
malformations 39,

A study conducted by Rodrigues de Moura et al.
evaluated genomic instability in resected malformed lung
tissue from children with CPMs. Moreover, genetic
variants associated with tumors were identified in
approximately 30% of the cases, being mucin genes the
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most frequently mutated group. These findings support
the hypothesis of a potential link between CPMs and
malignant transformation processes 3'.

OTHER FACTORS INVOLVED IN LUNG
MORPHOGENESIS AND THE PATHOGENESIS OF
CONGENITAL PULMONARY MALFORMATIONS

RETINOIC ACID (RA):

Retinoic acid (RA), the active form of vitamin A, is essential
for lung morphogenesis. It regulates gene transcription
via nuclear receptor activation participating in key
developmental pathways such as SHH, WNT, and BMP.
Several studies have demonstrated that the
administration of retinoic acid enhances
bronchopulmonary branching in a dose-dependent
manner, by modulating genes such as CYP26AT1,
SOX2/9, RARB, FGF10, and SHH. Vitamin A deficiency
or receptor mutations are linked to severe malformations,
including pulmonary hypoplasia and agenesis 3233,

INFLAMMATION AND IMMUNOMODULATION:

Altered innate immune responses, characterized by
downregulation of MHC, NK cell, IL-12, and IFN-y
pathways, appear to play a role in the pathophysiology
of certain CPMs. These findings suggest a dysfunctional

Figure 1

or altered immunological environment in malformed
tissue. In this context, treatment with dexamethasone show
therapeutic benefit by inhibiting NF-KB activity, whereas
studies with non-steroidal anti-inflammatory drugs like
notrofen may activate pro-inflammatory pathways,
contributing to hypoplasia in experimental models 1634,

Imaging Diagnosis and Classification of

Congenital Pulmonary Malformations
Currently, there is no universally accepted classification
system for congenital pulmonary malformations (CPMs).
Definitive identification of these entities requires
histopathological examination, which allows for an
accurate diagnosis. Nevertheless, advancements in
imaging techniques now enable detailed characterization
of anomalies, which is essential for appropriate clinical
and therapeutic management.

Traditionally, CPMs were diagnosed in the neonatal or
postnatal period using chest radiography (fig 1) or
computed tomography (CT) (fig 2) in newborns with
unexplained respiratory distress, or in children with
recurrent respiratory infections. In other cases, they were
incidentally discovered during imaging performed for
unrelated reasons 35.

Fig 1. Frontal and lateral chest radiograph of a 10-year-old patient with history of recurrent respiratory infections.

Consolidation in the right lung base with cavitation

Figure 2
Fig 2. Computed tomography of the patient in Figure 1,
three months later. Congenital pulmonary malformations

with large and small cystic areas of hyperinflation. No
systemic irrigation was observed.

With the advent and widespread use of prenatal
ultrasound, it has become possible to detect these
malformations as early as 18-20 weeks of gestation
3637, Additionally, fetal magnetic resonance imaging
(fetal MRI) has emerged as a valuable complementary
tool, providing detailed information about CPMs without
the need for contrast agents. It allows for assessment of
the size and internal characteristics of the lesion (solid,
cystic, or mixed), the presence and course of abnormal
vessels from both the pulmonary hilum and systemic
circulation, and estimation of the volume of healthy
residual lung parenchyma 3839, Fig 3
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Figure.3

Fig. 3a and 3b-. Fetal MRI, HASTE T2-weighted sequence, coronal images. Lung sequestration. Large, well-
circumscribed, hyperintense signal mass in the left hemithorax, with a vessel originating from the descending thoracic
aorta and venous drainage vessels leading toward the pulmonary hilum.

Fig. 3c and 3d. Fetal MRI. Congenital pulmonary
malformations. Multicystic lesion occupying almost the
entire right hemithorax, with intermediate-sized and small
cysts distributed within, inverted right diaphragm, fetal
ascites, and marked leftward shift of the mediastinum,
consistent with severe mass effect.

In the postnatal period, the gold standard remains
contrast-enhanced computed tomography (CT

—
Figure 4a
Fig 4. Bronchial atresia. Computed tomography in axial (a) and coronal (b) reconstructions. The inferior lingular bronchus
shows focal dilation with the presence of an air-fluid level. Distally, the parenchyma appears hyperinflated, with smaller
vascular structures.

Figure 4b

angiography), which enables high-resolution evaluation
of the bronchial tree integrity, characterization of
parenchymal architecture (Fig 4), and assessment of the
number and size of cysts (Fig 2), It also allows for precise
visualization of aberrant systemic vessels (Fig 5), as well
as evaluating compressive effects on mediastinal
structures (Fig 7) 40.

A o
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Figure 5

Fig 5. Left pulmonary malformation. Computed tomography in axial (A) and coronal (B) reconstruction shows a solid mass
in the left lung base with an arterial vessel arising from the systemic circulation.

Ultrasound has a limited role in postnatal assessment due
to the presence of air in the lungs, which hampers the
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Figure 6
Fig 6. Postnatal color Doppler ultrasound of sequestration. In (A) Intra-abdominal extralobar pulmonary sequestration. In
(B) Echogenic homogeneous mass in the left flank, with an afferent vessel originating from the abdominal aorta.

Postnatal magnetic resonance imaging (MRI) has gained
ground as a radiation-free alternative, particularly
relevant in infants and for long-term follow-up. High-
resolution MRI can allow postponement of CT
angiography in asymptomatic neonates until surgery,
thereby avoiding early exposure to ionizing radiation.
The introduction of ultrashort echo time (UTE) and zero
echo time (ZTE) sequences has overcome traditional
limitations of thoracic MRI by allowing visualization of
aerated lung parenchyma. Furthermore, dynamic MRI

Table 2. Classification of Lung Congenital Malformations

visualization of deep structures, however, it remains useful
in monitoring infradiafragmatic sequestrations. (Fig.6)

sequences have opened a new dimension in functional
assessment by enabling ventilation and perfusion studies,
which are particularly useful when functional impairment
exceeds what is suggested by structural findings.

Regarding the classification of MPC, there is no standard
nomenclature, and different classifications have been
proposed, among which is the Langston classification 4!,
which is based on the pathological characteristics of the
lesions, as shown in Table 2

Lesion Type

Subtype / Associated Features

Bronchogenic cyst

Non-communicating bronchopulmonary foregut malformation

Bronchial atresia

-Isolated (fig 4)

-With systemic arterial /venous supply (intralobar sequestration)
-With gastrointestinal tract communication (intralobar sequestration /
complex or communicating bronchopulmonary foregut malformation)
Systemic arterial connection to normal lung

Cystic adenomatoid malformation
(CAM), large cyst type (Stocker type
1)

-Isolated
-With systemic arterial /venous supply (hybrid lesion / intralobar
sequestration)

Cystic adenomatoid malformation
(CAM), small cyst type (Stocker type
2)

-Isolated
-With systemic arterial /venous supply (hybrid lesion / intralobar
sequestration)

Extralobar sequestration

-Without gastrointestinal communication (with/without small cyst-type
CAM)

-With gastrointestinal communication (complex / communicating
bronchopulmonary foregut malformation)

Pulmonary hyperplasia and related
lesions

-Laryngeal atresia
-Solid or adenomatoid CAM (Stocker type 3)

© 2025 European Society of Medicine 6



-Polyalveolar lobe
-Congenital lobar overinflation

Other cystic lesions

-Lymphatic/lymphangiomatous cysts

-Enteric cysts - Mesothelial cysts

-Simple parenchymal cysts

-Low-grade cystic pleuropulmonary blastoma (Fig 7)

Figure 7
Fig 7. Type lll pleuropulmonary blastoma. Axial section of computed tomography with intravenous contrast in the
venous phase. A large solid mass is observed in the right hemithorax, displacing mediastinal structures to the left and
showing heterogeneous enhancement, with no evidence of calcifications or cavitation.

From a clinical and morphological standpoint, congenital
pulmonary malformations (CPMs) can be grouped into
three major categories:

1.

Bronchopulmonary anomalies

2. Vascular anomalies
3. Combined anomalies

1. Bronchopulmonary Anomalies
Constitute the most frequent group within CPMs and
include the following entities:

°

Bronchogenic cyst: Originates from abnormal
budding of the ventral foregut or aberrations in
branching of the tracheobronchial tree. Typical
locations include the subcarinal, right paratracheal,
paraesophageal, or hilar regions.

Bronchial atresia: Refers to the absence or
interruption of the bronchial lumen at a lobar,
segmental, or subsegmental level, with preserved
development of the distal lung parenchyma. The
proximal bronchus may become dilated and mucus-
filled, forming a bronchocele, while the distal
parenchyma exhibits hyperinflation due to collateral
ventilation. In some cases, aberrant systemic arterial
supply may be observed. (fig 3)

Congenital pulmonary dairway malformation
(CPAM): This is the most common CPM and includes a
spectrum  of cystic and  non-cystic lesions
characterized by abnormal and disorganized
proliferation of elements of the tracheobronchial
tree. The most widely used classification is that
proposed by Stocker, modified in 2002 42, which
groups these malformations into five types based on
embryological origin and macro and microscopic
features (see Table 2). Since not all lesions exhibit
cysts or adenomatoid tissue, the term "congenital

cystic adenomatoid malformation (CCAM)" has been
largely abandoned.

2. Vascular Anomalies

e  Pulmonary arteriovenous malformations
(PAVMs):  Defined as abnormal  direct
communications between pulmonary arteries and
veins, bypassing the capillary network. A high
proportion of cases are associated with
hereditary hemorrhagic telangiectasia (HHT) or
Rendu-Osler-Weber syndrome, while others
occur sporadically.

3. Combined Anomalies

Pulmonary sequestration: Characterized by non-
functioning lung tissue supplied by systemic arterial
circulation, usually from the thoracic or abdominal
aorta, and drained via pulmonary or systemic veins.

The two main subtypes are:

o Intralobar sequestration (ILS): Located within a

normal pulmonary lobe sharing its visceral pleura.

o Extralobar sequestration (ELS): Located outside

the functional lung, enclosed in its own visceral
pleura. (fig 6)

o Scimitar syndrome: Complex congenital
anomaly characterized by partial (or rarely,
complete) anomalous pulmonary venous return of
the right lung to the inferior vena cava, resulting
in a left-to-right shunt. It is frequently associated
with ipsilateral pulmonary hypoplasia,
pulmonary artery anomalies, and aberrant
systemic arterial supply, which may originate
from supradiaphragmatic or infradiaphragmatic
aortic branches.

© 2025 European Society of Medicine 7



Table 1. Stocker Classification of Congenital Pulmonary Airway Malformation (CPAM) 42

Type | Frequency | Origin Macroscopic Microscopic Features Associations /| Comments
Features
(o] 1-3% Acinar and Small, firm lungs Solid parenchyma with <0.1 Incompatible with life;
large airway | with granular cm spaces and cysts up to 0.5 | possible association with
dysplasia surface cm, lined by pseudostratified | pleuropulmonary blastoma
ciliated epithelium, with
mucous and cartilaginous
cells; no skeletal muscle
| 50-65% Bronchi / Single or multiple | Lined by pseudostratified May communicate with
bronchioles cysts >2 cm ciliated columnar epithelium bronchial tree; may have
with mucinous cells; cyst walls | systemic arterial supply.
contain elastic tissue, (Fig 2)
fibromuscular stroma, and
occasionally cartilage
I 10-45% Bronchioles Multiple or Lined by ciliated columnar or | Frequently associated with
solitary cysts cuboidal epithelium; cyst other congenital anomalies,
measuring 0.5-2 | walls composed of especially genitourinary
c¢m; may involve fibromuscular connective malformations; may have
an entire lung tissue; no mucous cells or systemic arterial supply
cartilage
1] <10% Bronchiolar / | Solid lesion with Adenomatoid appearance Aggressive nature, very
alveolar duct | microcysts <0.5 resembling bronchiolar poor prognosis
cm structures
v <10% Distal acinar- | Solid mass, Cysts of variable size lined Possible malignant
alveolar multilocular by type 1 and type 2 transformation to type |
peripheral cyst, or | alveolar epithelial cells pleuropulmonary blastoma
large individual (PPB)
cysts

Long-Term Evolution and Risks Associated

with Congenital Pulmonary Malformations
(CPMs)

Most CPMs remain asymptomatic. though clinical
manifestations may appear at any stage including fetal
hydrops, neonatal respiratory distress, recurrent
respiratory infections, pneumothorax and development
of cancer later in life. Surgical resection is indicated in
symptomatic cases, but the optimal management of
asymptomatic malformations remains a topic of ongoing
debate. Some authors advocate for a conservative
approach43. Nevertheless, this approach should be taken
with caution because emerging evidence has changed the
notion that CPMs are entirely benign. In a large series
(n=980) by Pederiva et al., 74.4% of adults with CPMs
developed symptoms, and 11.7% of resected lesions
contained tumors, primarily adenocarcinomas. Notably,
malignancies were identified in 25% of CPAMs, 13.7%
of ILS, 9.5% of ELS, and 10% of bronchogenic cysts, even
in previously asymptomatic individuals 44.

Other studies have reported similar findings. Aziz et al
45, reported that 10% of asymptomatic patients with
prenatal diagnosis of CPM developed symptoms or
complications during follow-up. Similarly, Nasr et al 46,
documented a 4% incidence of tumors in malformations
previously considered benign.

These data suggests that CPMs carry a non-negligible
risk of complications, including malignant transformation.
Consequently, there is a growing need to improve our
understanding of the pathobiology of these lesions,
clinical signs identification, radiological features that

could predict their progression, and biomarkers capable

of stratifying the risk of malignancy.

Discussion

Based on the information presented in this article, we can

emphasize that Congenital lung malformations constitute
a heterogeneous group of developmental lung anomalies
with diverse clinical presentations and prognoses. The
embryological origin has not yet been fully elucidated,
and the molecular mechanisms involved in both the
development and progression of these malformations
remain unclear. Various signaling pathways (SHH, BMP,
WNT, FGF, TGF- B) and transcription factors (NKX2.1,
SOX2, HOXB5 among others) participate in their
development, and their dysregulation can lead to various
malformation.

Current evidence shows that a significant percentage
develop respiratory morbidity, and in some cases, they
may undergo malignant transformation. Advances in
genetics and epigenetics have identified genes and
mutations associated with these malformations, some of
which are associated with the risk of neoplastic
transformation.

Therefore, it is essential to define the molecular and
genetic mechanisms involved in the genesis of CPMs and
to work on the development of biomarkers and imaging
techniques that will allow for the refinement of strategies
to adequately define their prognoses.

We must emphasize that the treatment of asymptomatic
CPMs remains controversial. Although some groups
recommend a watchful waiting approach, recent data

© 2025 European Society of Medicine 8



should call this approach into question. The malignant
transformation rates detected in up to 25% of resected
MPC, together with the findings of Pederiva et al and
other authors, suggest that strategies are required as
clinical course and imaging findings are insufficient to
stratify the risk of complications or malignancy and to
guide the surgical decision.

The detection of markers such as SOX2, MUC1, TTF1, and
RALDH-1, as well as epigenetic alterations, could help
better stratify prognosis and guide decision-making.
Furthermore, the contribution of immunomodulatory
pathways and environmental factors suggests that CPMs
have a multifactorial origin. This opens the door for non-
surgical, preventative interventions in the future.

However, several limitations remain. Most of the evidence
comes from small, observational studies, and multicenter
longitudinal studies are required to evaluate long-term
outcomes, especially in asymptomatic patients.

Although early diagnosis has significantly increased
through obstetric ultrasound and fetal magnetic
resonance imaging (MRI), along with advanced postnatal

imaging studies such CT angiography, there remains a
need to establish a standardized classification of CPMs,
allowing for better comparisons between studies.

Furthermore, the integration of approaches that combine
genomics, epigenomics, transcriptomics, and proteomics is
required to achieve a more complete understanding of
the pathogenesis of CPMs.

In conclusion, MPCs reflect the complex interaction
between developmental biology and clinical medicine
and requires a multidisciplinary approach encompassing
pediatrics, radiology, pathology, surgery, molecular
biology, and genetics to optimize outcomes. Future
research should prioritize the development of risk
stratification models based on molecular and imaging
markers and standardize CPMs nomenclature and
classification. A thorough understanding of their
pathogenic  mechanisms  and  their  adequate
characterization will not only improve individual
prognoses but also provide a model for studying normal
lung development and its relationship with respiratory
tract pathologies.

© 2025 European Society of Medicine 9
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