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Purpose of review

Lymphangioleiomyomatosis (LAM) is a systemic, low-grade, metastasizing neoplasm that predominantly
affects women. This review demonstrates recent progression in this rare disease, from improved
understanding of pathogenesis, to novel treatments. We provide an overview of recent advances that are
shaping the future of LAM diagnostic and treatment approaches.

Recent findings

Understanding the role of hormonal pathways, immune system interactions, mechanistic target of
rapamycin (mTOR) signalling inhibition and the LAM microenvironment is creating opportunities for
combination therapies with curative potential. Evidence supporting the uterine origin of LAM cells has
renewed interest in hormonal signalling pathways, while potential immune evasion mechanisms of LAM
cells are under investigation. More complete blockade of mTOR pathways by newer generation agents, as
well as research into the crosstalk between LAM cells and their surroundings is informing development of
novel combination therapies with disease modifying potential. Biomarker identification beyond vascular
endothelial growth factor D (VEGF-D) is essential for diagnostic, prognostic and treatment decision making.
Cellular mapping using single-cell RNA sequencing and spatial transcriptomics, as well as integration of
artificial intelligence into diagnostic and therapeutic development pathways, has the potential to
significantly advance our understanding of this rare disease.

Summary

LAM research demonstrates how sustained investigation in rare disease can advance from preclinical
mechanistic insights to targeted treatments. Understanding the role of hormonal pathways, immune system
interactions, mTOR signalling inhibition and the microenvironment is creating opportunities for combination
therapies with curative potential. Advancements in technology, including single cell analysis, spatial
transcriptomics and artificial intelligence are accelerating the discover of biomarkers and therapeutic
targets, positioning LAM for significant clinical advances in the coming years.
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INTRODUCTION

Lymphangioleiomyomatosis (LAM) is a systemic,
low-grade, metastasizing neoplasm that predomi-
nantly affects women, occurring either sporadically
or in association with tuberous sclerosis complex
(TSC) [1,2

&

,3]. Recent years have witnessed signifi-
cant advances in our understanding of this rare
disease. Key discoveries include insights into disease
pathogenesis such as the role of multiple immune
evasion mechanisms and evidence supporting the
uterine origin of LAM cells. The establishment of
mechanistic target of rapamycin (mTOR) inhibitors
as first line therapy was a pivotal development in
LAM treatment. Current research extends beyond
their established role in reducing lung function
decline, exploring potential benefit in subsets of
rs Kluwer Health, Inc. All rights rese

Kluwer Health, Inc. Una
LAM patients who might not otherwise qualify for
treatment based solely on lung function criteria.
Furthermore, novel biomarker development and
investigation of new therapeutic pathways is evolv-
ing rapidly. This review provides an overview of the
most recent advances in LAM, exploring current
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KEY POINTS

� This review demonstrates how sustained research in
rare diseases such as lymphangioleiomyomatosis (LAM)
can advance the understanding of disease
pathogenesis, leading to improved diagnostic and
treatment options, with for example evidence of uterine
origin renewing interest in hormonal signalling
mechanisms.

� The search for novel biomarkers beyond vascular
endothelial growth factor D remains essential for
improving diagnostic accuracy, prognostication,
treatment decisions, and establishing endpoints for
future clinical trials.

� Preclinical research about LAM cells’ immune evasion
mechanisms and their interactions with surrounding
tissues are laying the groundwork for promising
combination therapies, that could potentially induce
disease remission rather than merely slowing
progression.

� Improvement of recognized effective treatment
pathways is essential, with newer-generation
mechanistic target of rapamycin inhibitors offer more
complete blockade of central pathogenic pathways.

� Advanced technologies like single-cell RNA
sequencing, spatial transcriptomics, and artificial
intelligence will significantly enhance understanding of
LAM pathophysiology and identify the most promising
targets for future clinical trials.

Interstitial lung disease

Cop
new insights into pathogenesis, outlining recent
advancements in therapy and identifying potential
future therapeutic approaches.
RECENT DEVELOPMENTS IN THE CLINICAL
CARE OF
LYMPHANGIOLEIOMYOMATOSIS

Epidemiology and clinical features of
lymphangioleiomyomatosis

LAM typically presents in women of reproductive
age and clinical features include diffuse cystic lung
disease (virtually all patients), spontaneous pneu-
mothorax (�half of the patients), chylous effusions
(�20% of patients, more in sporadic LAM compared
to TSC-LAM), and renal angiomyolipomas (AMLs)
(�30–40% of patients with sporadic LAM and 80–
90% of patients with TSC-LAM). Until recently, the
prevalence of LAM was estimated to range between
3.4 - 7.8 cases per million women; however, more
recent analyses have revealed the prevalence of LAM
to be closer to approximately 20 cases per million
women [4

&

,5
&

,6
&

].
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Current diagnostic standards in
lymphangioleiomyomatosis

Diagnostic criteria for LAM require computed
tomography (CT) imaging displaying characteristic
cystic lung disease (Fig. 1) and one or more of the
following: TSC, AMLs, chylous effusions, lymphan-
gioleiomyomas or a serum vascular endothelial
growth factor D (VEGF-D) level greater than or equal
to 800 pg/ml [7]. In cases of diagnostic uncertainty,
transbronchial lung biopsy provides a safe and effec-
tive means of obtaining a definitive tissue diagnosis,
with yields of approximately 50–60%, especially
following review by an expert pathologist [7,8

&

].
Transbronchial cryobiopsies can also aid diagnosis
of LAM; although the yield and overall safety of this
procedure needs to be better studied in patients with
cystic lung disease [9]. Serum VEGF-D is a validated
biomarker in LAM and values exceeding 800pg/ml,
combined with characteristic CT findings, provide
diagnostic specificity of almost 100% [10–12].

LAMis seen inapproximatelyone-thirdofwomen
withTSCwithprevalence approaching almost 80%by
the age of 40years and represents a major source of
morbidity and mortality in women with TSC
[13,14,15

&

]. Current TSC Clinical Practice Guidelines
recommend performing a chest CT scan to screen for
the presence of LAM in all adult women with TSC
[16

&

]. However, screening practices in TSC vary sub-
stantially across centres and LAM screening is not
uniformly performed in women with TSC [4

&

]. For
instance, an analysis of the UK LAM Centre cohort
revealed that over 75% of patients were diagnosed
only after becoming symptomatic [17

&

]. More proac-
tive and uniform screening for LAM in women with
TSC is amajor unmet need that can be readily accom-
plished and might lead to more timely therapeutic
interventions.
Current therapy of
lymphangioleiomyomatosis

The Multicenter International LAM Efficacy of Siro-
limus (MILES) trial demonstrated that treatment
with sirolimus leads to stabilization of lung function
decline and reduction in serum VEGF-D levels
[18,19]. Based on these results, sirolimus has been
approved by regulatory agencies in more than 40
countries as a treatment of LAM. Clinical guidelines
recommend initiating sirolimus in LAM patients
with FEV1 below 70 percentage predicted, FEV1
decline exceeding 90ml per year or problematic
chylous effusions [18]. While the sirolimus dose
in the MILES trial was adjusted to maintain trough
levels between 5 and 15ng/ml, with an average dose
and trough of 2mg daily and 7 ng/ml, respectively,
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FIGURE 1. Evidence for the uterine origin of LAM Cells. LAM typically presents in women of reproductive age and clinical
features include diffuse cystic lung disease, spontaneous pneumothorax, chylous effusions and renal angiomyolipomas. LAM
cells arise from an extrapulmonary source and metastasise to the lungs via blood and lymphatics. Recent evidence has
strongly suggested a uterine source of origin for LAM cells [28&&]. LAM, lymphangioleiomyomatosis.
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recent evidence suggests that treatment with low
dose sirolimus (1mg daily, trough <5 ng/ml) might
also be an effective option for many patients with
reduced risk of adverse effects [18,20]. While long
term studies have demonstrated sustained stabiliza-
tion in lung function over 5 years with favourable
tolerability, the treatment is not curative and lung
function decline resumes upon drug discontinua-
tion [18,21], highlighting the need to develop novel
remission inducing treatment strategies, whether in
isolation or in combination with sirolimus.
NEW DEVELOPMENTS IN
LYMPHANGIOLEIOMYOMATOSIS
PATHOGENESIS

Uterine origin of lymphangioleiomyomatosis
cells

The pathophysiology of LAM is driven by activated
mTOR signalling due to mutations in the TSC genes
1531-6971 Copyright © 2025 Wolters Kluwer Health, Inc. All rights rese
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driving the clonal proliferation of abnormal smooth
muscle like cells (LAM cells) that arise from an extrap-
ulmonary sourceandmetastasize to the lungsviablood
and lymphatics. Several clinical observations point to a
central role of female sexual hormones in the disease
pathogenesis (Fig. 1): LAM is seen almost exclusively in
women [2

&

], accelerated disease progression has been
reportedduringpregnancy [22]andfollowingexposure
to exogenous oestrogen [23], lung function declines
faster in premenopausal women with LAM compared
to postmenopausal women [24

&

], and a subset of
patients with LAM exhibit cyclical variability in their
symptoms coinciding with the hormonal fluxes of
menstrual cycle [25

&

]. LAM lesions were noted in the
uteri of 90% of patients with LAM versus none in
controls [26,27]. Recent single cell and single-nuclei
RNA sequencingperformedon lungs anduterine tissue
obtained from LAMpatients demonstrated remarkable
transcriptional similarity between the LAM cells and
uterine smooth muscle cells, and strongly suggests a
uterine source of origin for LAM cells [28

&&

].
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Despite the strong evidence linking female sex-
ual hormones to disease pathogenesis, therapeutic
interventions targeting hormonal pathways have
demonstrated mixed results and current guidelines
recommend against the routine use of hormonal
therapy in patients with LAM [12]. The only
randomized controlled trial of hormonal antago-
nism studied an aromatase inhibitor (letrozole) in
postmenopausal womenwith LAM.While the use of
letrozole was safe, the study was underpowered to
detect efficacy [29]. Identifying the optimal subset
of LAM patients who might benefit from hormonal
blockade and conducting a proper controlled trial of
hormonal blockade in LAM remains a high priority
future need.
The lymphangioleiomyomatosis
microenvironment

Recent research has helped unravel the complex
pathophysiology of LAM, particularly regarding cel-
lular senescence and immune evasion mechanisms.
LAM cells exhibit a senescent phenotype dependent
on mTOR hyperactivity, potentially promoting loss
of lung parenchymal structures similar to that seen
in idiopathic pulmonary fibrosis [30

&

]. Within LAM
nodules, alveolar type II epithelial cells demonstrate
enhanced proliferation and express fibroblast
growth factor 7 that may facilitate cross talk with
LAM-associated fibroblasts [31

&

]. Advanced disease
may be less responsive to mTOR inhibition due to
the evolution of LAM nodules, where fibroblasts
might outnumber LAM cells [32

&

].
Multiple mechanisms of immune evasion have

been identified in the pathogenesis of LAM. Natural
killer cells have been implicated in the LAM micro-
environment, with reduced levels of natural killer
group 2D (NKG2D) positive natural killer (NK) cells
correlating with lung function decline [33]. Check-
point inhibition has shown potential in preclinical
models, with evidence of upregulation of pro-
grammed cell death protein 1 (PD-1) expression
[34

&

]. Combination treatment in similar models,
with checkpoint inhibition targeting Cytotoxic T-
Lymphocyte Antigen 4 (CTLA-4) [35

&

], or addition
of Toll-like-receptor agonists to PD-1 inhibitors has
demonstrated enhanced outcomes [36

&

]. These find-
ings suggest checkpoint inhibitionmight be a future
therapeutic strategy in LAM.
MTOR SIGNALLING AND THERAPEUTIC
TARGETING

LAM cells express melanocytic markers, such as
Glycoprotein Non-Metastatic Melanoma Protein B
(GPNMB), whose expression depends on mTORC1
4 www.co-pulmonarymedicine.com

yright © 2025 Wolters Kluwer Health, Inc. Unaut
signalling. The constitutively released GPNMB ecto-
domain can be measured in serum, with signifi-
cantly higher levels in LAM preclinical models
suggesting a role in tumour cell growth enhance-
ment [37

&

]. Analysis of The Cancer Genome Atlas
has revealed mTORC1 hyperactivity associated with
immune checkpoint upregulation, leading to sup-
pression of cytotoxic CD4þ T cell activity and
decreased survival [38

&

]. Chimeric antigen receptor
(CAR) T cell therapy targeting ganglioside 3, an
immunogen implicated in mTORC1 activation,
has shown potential for tumour reduction in mouse
models [39

&

].
Next generation bi-steric mTORC1 inhibitors

have demonstrated superior efficacy and lower
tumour relapse rates in LAM models compared to
sirolimus, by eliminating phosphorylated 4EBP1, a
rapalog resistant protein, and inducing higher rates
of apoptosis [40

&

]. Prevention of growth in LAM-
associated fibroblasts has been demonstrated by the
bi-steric mTORC1-selective compound RMC-5552,
withmore durable inhibition compared to sirolimus
[41

&

]. These findings demonstrate the therapeutic
potential of more completely targeting mTORC1
hyperactivity in LAM that has previously been
underexplored.

The benefits of mTOR inhibitors in LAM extend
beyond lung function stabilization. A notable obser-
vation is the near complete resolution of chylous
effusions and reduction in renal AMLs and lym-
phangioleiomyomas following treatment with
mTOR inhibitors [42–45]. Recent studies across
the US and China have demonstrated a substantial
reduction in the risk of spontaneous pneumothora-
ces in women with LAM following treatment with
sirolimus [46

&&

,47
&&

], suggesting recurrent pneumo-
thorax might be an independent indication to ini-
tiate treatment with sirolimus. Survival benefit
following treatment with sirolimus has also been
demonstrated in recent LAM cohort analyses
[48

&&

,49
&

].
NOVEL BIOMARKERS IN
LYMPHANGIOLEIOMYOMATOSIS

Clinical and physiological measures

Premenopausal patients with LAM exhibit faster
decline in lung function compared to postmeno-
pausal women with LAM, although both groups
exhibit a beneficial response to sirolimus treatment
[24

&

]. Baseline lung function can also help in prog-
nostication [50

&

]. Recently, a LAM calculator has
been developed that can help predict the future rate
of decline in FEV1 in treatment-naïve patients with
LAM by using readily-available clinical data such as
Volume 31 � Number 00 � Month 2025
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age at diagnosis, menopausal status and lung func-
tion [51

&

]. This model can be freely accessed at:
https://anushkapalipana.shinyapps.io/testapp_v2/.
Approximately 25–30% of women with LAM report
cyclical respiratory symptom variability associated
with the hormonal fluxes of menstrual cycle [25

&

].
Patients with this trait tend to bemore symptomatic
and might respond favourably to hormonal therapy
compared to patients without cyclical symptom
variability.
Imaging-based biomarkers

Multiple groups have demonstrated the ability to
quantify the cyst burden on chest CT scans, which
has the potential to become a useful measure to
gauge disease severity and assess disease progression
and treatment response [50

&

,52
&&

]. Cyst burden on
chest CTs has demonstrated prognostic value;
patients with greater cyst burden on CT imaging
tend to exhibit more rapid pulmonary function
decline [24

&

,50
&

]. Sirolimus treatment can help slow
the increase in lung cyst volume [53

&

]. Novel MRI-
based imaging techniques, both hyperpolarized
129Xe as well as oxygen enhanced MRI scans, have
demonstrated utility in assessing functional proper-
ties in addition to structural imaging in patients
with LAM and represent a radiation-free modality
to monitor lung disease in LAM [54

&

,55
&

]. There
remains a critical need to develop sensitive nuclear
medicine-based imaging modalities that can help
quantify LAM cell burden in patients. Recent advan-
ces inmachine learning techniques show promise in
distinguishing LAM from other cystic lung diseases,
suggesting a potential role for artificial intelligence-
based programs to aid in more timely recognition of
LAM (as well as other rare cystic lung diseases) and
help combat the ubiquitous problem of delayed
diagnosis that is common to all rare diseases [56

&

].
Serological biomarkers

While serum VEGF-D has helped tremendously to
attain noninvasive diagnostic confirmation of LAM
and obviate the need for lung biopsy in several
patients, elevated VEGF-D levels are seen in �60%
of patients with LAM and there remains an unmet
need to develop diagnostic biomarkers that can help
confirm the diagnosis of LAM in the remaining 40%
of patients, whether in isolation or in combination
with VEGF-D.

In addition to its role as a diagnostic biomarker,
serum VEGF-D also has utility as a prognostic and
predictive biomarker and might also be helpful as a
dosing biomarker to guide personalized dosing of
sirolimus for individual LAM patients. Similar to
1531-6971 Copyright © 2025 Wolters Kluwer Health, Inc. All rights rese
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VEGF-D, serum VEGF-C levels decreased following
treatment with sirolimus and rose again after treat-
ment was withheld, suggesting it might also be a
useful biomarker to predict treatment responsive-
ness [57

&

].
Improved understanding of the molecular

pathogenesis of LAM has helped uncover several
other candidates with potential for clinical utility
as biomarkers, such as endostatin, IGFBP4 and
GPNMB [28

&&

,37
&

,58
&

]. Fibroblast growth factor 23,
involved in serum phosphate homeostasis, has
shown potential in identifying patients at risk of
progressive disease [59

&

]. The vitamin D binding
protein axis has demonstrated promise in disease
monitoring, with levels correlating with disease
severity and progression. Lower vitamin D binding
protein levels are associated with reduced lung func-
tion andmore active disease, suggesting a protective
role that may influence prognosis [60]. Matrix met-
alloproteinases (MMPs), particularly MMP-9, MMP-
2 and MMP-7, have been postulated in the patho-
genesis of tissue remodelling in LAM and have been
found to be elevated in the serum of LAM patients
[61

&

,62,63
&

]. MMP-2 shows promise in differentiat-
ing LAM from other cystic lung diseases, especially
when combined with VEGF-D as a composite bio-
marker [64

&&

]. Preliminary studies of moesin, a
cytoskeleton protein, have revealed elevated serum
levels and potential to improve LAM differentiation
from other cystic lung disease in combination
with VEGF-D [65

&

]. Other emerging areas of
interest include altered lipid metabolism and the
potential use of lipid metabolites as novel bio-
markers [66

&

]. Data derived from single cell RNA
sequencing performed on human LAM lungs has
revealed multiple novel pathways and biomarker
candidates with relevance to LAM. These data have
been compiled in an easy-to-use web-based interface
(The LAM Cell Atlas) that can be freely accessed:
https://research.cchmc.org/pbge/lunggens/LCA/LCA.
html [67

&

]. Combining these data with other modal-
ities such as proteomics, perhaps augmented by arti-
ficial intelligence, could further aid biomarker
discovery in LAM (see Table 1).
NOVEL AND EMERGING THERAPEUTIC
PATHWAYS

Recently completed clinical trials

Autophagy related studies have explored the rela-
tionship with mTOR inhibition, with the Sirolimus
and Autophagy Inhibition in LAM (SAIL) trial of
Sirolimus combined with Hydroxychloroquine
demonstrating potential lung function benefits
[68]. Preclinical studies of resveratrol with sirolimus
rved. www.co-pulmonarymedicine.com 5
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Table 1. Potential novel biomarkers

Clinical

Menopausal status Faster lung function decline in premenopausal versus postmenopausal patients [24&]

Baseline lung function Lower risk of progression with higher baseline lung function [50&]

Cyclical symptom variability Symptom variability with menstrual cycle may indicate hormonal therapy response [25&]

Imaging

Cyst burden on chest CT Greater cyst burden associated with more rapid lung function decline [24&,50&]

MRI-based imaging Allows assessment of functional properties in addition to structural imaging [54&,55&]

Machine learning AI models Allows differentiation of LAM from other cystic lung diseases [56&]

Serological

VEGF-C Associated with mTOR inhibitor treatment response [57&]

Endostatin Associated with lung function decline [58&]

GPNMB Higher in LAM serum and decreases with mTOR inhibition [37&]

FBGF23 Associated with lung function decline [59&]

Vitamin D binding protein Associated with lung function decline [60]

MMP-2 Improves differentiation of LAM from other cystic lung disease [64&&]

Moesin Improves differentiation of LAM from other cystic lung disease [65&]

AI, artificial intelligence; LAM, lymphangioleiomyomatosis.
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showed promise in blocking sirolimus induced
autophagy upregulation, with a subsequent phase
2 trial demonstrating favourable safety and toler-
ability profile, and modest improvement in health-
related quality of life measures [69,70

&

]. Src kinases,
whose degradation is promoted by autophagy, are
increased in LAM lung tissue, with potential roles in
abnormal cell degradation and invasion [71]. Src
inhibition in the form of Saracatinib has been
studied in early phase trials in LAM and the results
are awaited [72].

Other recent areas of investigation include the
COX-2 inhibition in LAM (COLA) study, which
established the safety of Celecoxib in treatment
naïve LAM patients and displayed VEGF-D lowering
potential in some patients [73

&&

]. Statins demon-
strated inhibition of MMPs (MMP-2, MMP-3 and
MMP-3) and reduction of lung tissue damage in
preclinical models, however a phase II study of
simvastatin in combination with mTOR inhibition
revealed FEV1 decline [74,75

&&

]. Nintedanib, a mul-
tiple tyrosine kinase inhibitor used to treat pulmo-
nary fibrosis, led to stabilization of lung function
decline in a recent early phase study [76

&&

].
Ongoing clinical trials

Ongoing studies of interest include the Safety and
Durability of Sirolimus for Treatment of LAM
(MIDAS) study, examining long-term sirolimus ther-
apy, while the Multicenter Interventional
6 www.co-pulmonarymedicine.com
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Lymphangioleiomyomatosis Early Disease (MILED)
trial is investigating whether early, low dose siroli-
mus can prevent disease progression in patients with
preserved lung function [77,78]. Loratadine, prom-
ising given the increase in histamine metabolite
Methylimidazoleacetic acid in LAM, is under inves-
tigation in a phase II trial [79] (See Table 2).
Potential agents with promise

In addition to bi-steric mTORC1-selective com-
pounds and immune checkpoint inhibitors, there
are several other promising candidates based on
preclinical studies. Targeting lymphangiogenesis
via vascular endothelial growth factor receptor
(VEGFR) signalling has shown promising results in
LAM preclinical models, demonstrating growth
inhibition of tsc2-null lesions, reduced immune cell
recruitment and decreased VEGF-D levels [80]. Tar-
geting tyrosine kinase pathways such as Src and Syk
kinases might also offer therapeutic potential
[71,81]. The role of STAT-1 and STAT 3 in LAM cell
survival has been explored in preclinical models,
prompted by the emergence of the HOX-PBX gene
network as a critical factor in LAM cell survival [82

&

].
STAT1 inhibition with Fludarabine displayed poten-
tial benefit on LAM cell survival, particularly in
synergy with mTOR inhibition [83

&

].
Existing therapeutic agents may have potential

applications in the treatment of LAM. Mast cell
recruitment in LAM nodules appears to contribute
Volume 31 � Number 00 � Month 2025
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Table 2. Clinical trials

Agent Trial Outcome

Recently completed

HydroxychloroquineSirolimus and autophagy inhibition in LAM
(SAIL)

Sirolimus and hydroxychloroquine combination well tolerated. Potential
beneficial lung function effects [68].

Resveratrol Safety and efficacy of combined resveratrol
and sirolimus in LAM

Sirolimus and resveratrol combination well tolerated. Modest
improvement in health-related quality of life [70&].

Saracatinib Safety and efficacy of saracatinib in subjects
with LAM (SLAM-2)

Results awaited [72].

Celecoxib COX-2 inhibition in LAM (COLA) Celecoxib well tolerated in treatment naïve patients. Potential effect on
VEGF-D levels [73&&].

Simvastatin Safety of simvastatin (SOS) in patients with
pulmonary LAM and with TSC

mTOR inhibition and simvastatin well tolerated. Associated with decline
in FEV1 [75&&].

Nintedanib Nintedanib for patients with LAM Nintedanib well tolerated. Potential stabilization of lung function
[76&&].

Ongoing

Sirolimus Multicenter interventional LAM early disease
trial (MILED)

To determine if early, low dose sirolimus prevents progression in
patients with preserved lung function [77].

Sirolimus Safety and durability of sirolimus for treatment
of LAM (MIDAS)

An observational study examining long term mTOR inhibitor therapy
[78].

Loratadine Loratadine associated with rapamycin in
patients with LAM

To evaluate the safety of loratadine in combination with sirolimus [79].

LAM, lymphangioleiomyomatosis.
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to disease progression through tryptase release, with
sodium cromoglycate a potential treatment through
its tryptase inhibition properties [84

&

]. Similarly,
neutrophil elastase (NE) inhibition, in the form of
sivelstat, displays therapeutic potential, with high
NE expression correlating with tumour progression
in LAM preclinical models [85]. Future therapeutic
targets also include the inhibition of mRNA trans-
lation driven by mTORC1, with several compounds
targeting this pathway in various stages of preclin-
ical and clinical development [86

&

].
CONCLUSION

LAM is an exemplar rare disease where sustained
research efforts have advanced our understanding
of the disease pathogenesis and offered multiple
novel treatment approaches. Evidence supporting
the uterine origin of LAM cells has renewed the
interest in exploring hormonal signalling in the
disease pathogenesis, improved understanding of
the mechanisms by which LAM cells evade detec-
tion by the immune systemhas suggested potential
role of immunotherapeutic approaches, newer-
generation mTOR inhibitors offer the prospect of
better and more complete blockade of the central
pathogenic pathway driving LAM, and under-
standing the crosstalk between LAM cells and their
1531-6971 Copyright © 2025 Wolters Kluwer Health, Inc. All rights rese
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surroundings such as the lymphatic endothelial
cells and the pulmonary parenchymal microenvir-
onment will help develop novel combination
therapies to halt disease progression, and hope-
fully induce remission, in patients with LAM.
The search for novel biomarkers in addition to
VEGF-D is essential to further improve diagnostic
accuracy, aid prognostication, assist therapeutic
decision making and also act as endpoints
for future clinical trials. Comprehensive cellular
mapping of LAM by utilizing state-of-the-art tech-
nologies such as single cell RNA sequencing
and spatial transcriptomics including early
disease specimens in addition to the current data
derived from explants obtained at the time of lung
transplantation will tremendously advance our
understanding of LAM. Lastly, exploration and
integration of artificial intelligence to better
understand the key molecular perturbations in
LAM can help identify the most promising targets
for the next phase of clinical trials in LAM.
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