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Lymphangioleiomyomatosis (LAM) is a rare, proliferative lung disease, leading to progressive damage of their
structure and is a member of the PEComa neoplasm family (perivascular epithelioid cell tumors). In the patients,
solid-cystic masses described as lymphangioleiomyoma or extrapulmonary LAM (E-LAM) can occur. E-LAM foci
have been described in the mediastinum, supraclavicular lymph nodes, the liver, walls of the small and large
intestine, the pancreas, mesentery. E-LAM masses can attain very large sizes — tumors 15-22 cm long have
been described. On the basis of positive results of clinical trials sirolimus, a drug from the group of mTOR kinase
inhibitors, was registered by the Food and Drug Administration (FDA) in May 2015 as the first and currently only
drug for systemic LAM therapy. Sirolimus use is recommended in patients with LAM, accompanied by rapidly
progressing deterioration of respiratory system function or FEV, < 70% predicted value and in patients with pleural
lymph exudate before applying invasive methods of treatment.
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Introduction

Lymphangioleiomyomatosis (LAM) is a rare, pro-
liferative lung disease leading to progressive damage to
their structure with the formation of numerous small
cysts and lymph accumulation in the pleural cavity [1]. At
its basis is the multifocal proliferation of smooth muscle
cells and perivascular epithelioid cells, (PECs); in LAM
they are also designated LAM cells in the lung intersti-
tium and is therefore included in the family of PEComa
type neoplasms (perivascular epithelioid cell tumors) [2].
The PEComa group also includes angiomyolipoma
(AML), clear-cell sugar tumor (CCST) — pulmonary
and extrapulmonary forms (primary extrapulmonary
sugar tumor, PEST), clear-cell myomelanocytic tumor
(CCMMT) and primary cutaneous PEComa, CCCMT
— cutaneous clear cell myomelanocytic tumor and
PEComa NOS (not otherwise specified) [3]. Pulmonary
LAM (P-LAM) occurs in two clinical forms: associated
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with tuberous sclerosis [Bourneville-Pringle disease,
tuberous sclerosis complex (TSC)] — a genetic syn-
drome caused by inactivating germline mutations in the
TSC1 and TSC2 genes, characterized by the occurrence
of many tumors of the hamartoma type, perturbations of
the nervous system, including epileptic seizures, autism
and intellectual disability of various degrees [4], and as
a sporadic form — sporadic LAM (S-LAM), in women
with no predisposing factors [5]. In addition to pulmo-
nary manifestation of LAM, in these patients, numerous
irregularities are observed in the lymph system outside
the chest such as perturbations of the patency of the
thoracic duct, lymph exudate in the retro-orbital space
and pelvis, or lymphadenopathy [5]. Moreover, in rare
cases, there is a proliferation of pathological lymph ves-
sels infiltrated by LAM cells, leading to an obstruction
of their lumen and accumulation of lymph resulting in
the formation of solid-cystic masses described as lymph-
angioleiomyoma or extrapulmonary LAM (E-LAM) [6].
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Frequency of occurrence

The frequency of occurrence of lung LAM differs
depending on the clinical type — pulmonary LAM is
found in 30-50% women and approximately 10% men
with tuberous sclerosis [7, 8], whereas the sporadic form
occurs in one woman out of 200400 thousand [5, 7].
Lymphangioleiomyomatosis concerns almost exclusively
women of reproductive age — the median age at diag-
nosis is in the range of 35-41 years [9- 12]. Pleural LAM
is rarely diagnosed in postmenopausal patients — of note
here is the often occurring information about the use
of hormonal replacement therapy [12, 13]. Single cases
have been described of the occurrence of the disease
in children and men without predisposing genetic fac-
tors [14— 16]. Extrapulmonary perturbations within the
lymphatic system are found often in patients with the
pulmonary LAM form — perturbations in the patency of
the thoracic duct are found in over 70%, lymph exudate
in the retroperitoneal space is observed in 30% of the
cases [17]. Lymphangioleiomyoma is less common — in
10-21% of patients with pulmonary S-LAM [12, 17-19]
and is often accompanied by a swelling of lymph nodes
within the abdominal cavity, ascites and a broadening
of the thoracic duct [18]. It seems that the frequency of
occurrence of lymphangioleiomyoma in patients with the
pulmonary form of LAM increases with the severity of its
course [18], but they are not more common in patients
with tuberous sclerosis — in a retrospective analysis
from the Mayo Clinic, among 403 patients with TSC,
E-LAM occurred in only 3 [20]. In the analysis of au-
topsy material or material obtained from gynecological
surgery in 10 female patients with the pulmonary form
of LAM, the presence of small LAM foci in the uterus,
adnexa or broad ligament of the uterus was observed in
as many as 90% , and in 80% — the occupation of the
lymph nodes in the retroperitoneal space [21]. It is not
clear whether the presence of E-LAM foci predisposes
to the development of the pulmonary form of LAM. In
a large retrospective analysis of material obtained from
1732 patients without a history of LAM (median age
56 years), who underwent gynecological surgery with
lymphadenectomy, extrapulmonary LAM foci were
found in 8 patients [22]. In one of them a pulmonary
form of LAM was diagnosed, 7 years after the gyneco-
logical surgery whereas the remaining women did not
have a LAM relapse in any form (median observation
26 months) [22]. In a similar analysis among 19 patients
in whom asymptomatic extrapulmonary LAM had been
detected occupying the uterus and pelvical and paraortal
lymph nodes during an average 33 month observation
none developed the pulmonary form [23]. Besides the
description of cases concerning women with LAM foci
in paraaortal and pelvical lymph nodes, in whom pulmo-
nary LAM did not occur nor tuberous sclerosis [24, 25],
descriptions are also available in which extrapulmonary

LAM was the first symptom of the development of the
pulmonary LAM form, which if it occurs is most com-
monly diagnosed within about 2 years from the diagnosis
of the extrapulmonary form [6, 26-31].

Anatomy and clinical picture

Pulmonary LAM leads to progressive destruction of
the lung parenchyma and its replacement by numerous
small cysts, causing a progressive respiratory deficiency [7].
In the course of LAM exercise tolerance is progres-
sively limited as well as everyday physical activity to
a degree greater than in for example chronic obstruc-
tive pulmonary disease [32]. Among the most common
early symptoms of the disease are: dyspnea, persistent
coughing and hemoptysis [7, 11, 12]. Dyspnea at rest and
the need for oxygen therapy appears in most patients
within 10 years from the diagnosis [33]. The course of
the disease is complicated by recurring pneumothorax,
occurring in about 5% of the patients per year from the
moment of diagnosis; additionally, in about one-half
of the cases they are the first symptom of developing
LAM [3, 12, 34]. Moreover, because of the perturbation
of lymphatic vessel patency, there are lymph exudates
in the pleural cavity causing an intensified dyspnea and
chest pain [35]. LAM is also a rare cause of occurrence of
pulmonary hypertension (about 7.6% patients LAM) [9].

Lymphangioleiomyoma is most commonly localized
in the retroperitoneal space and the uterus and in sur-
rounding lymph nodes [6, 24, 27]. Moreover, E-LAM
foci developing in the mediastinum [36], supraclavicular
lymph nodes [37, 38], liver [39], walls of the small and
large intestine [40, 41], pancreas [26, 42], mesentery [43]
have been described. E-LAM masses can reach very
large sizes — cases of tumors with the greatest length
15-22 cm have been described [18, 44-46] — and can
extend along lymph vessels — coming from the retrop-
eritoneal space to the chest [19], and further even along
the neck along with the sternocleidomastoid muscle [47].

The symptoms of lymphangioleiomyoma presence
occur in about 55-60% patients [6, 18] and the most com-
monly are: pain in the vicinity of the tumor [26, 29, 46]
and bleeding from the reproductive system in the case
of LAM localized in the uterus [24, 48, 49]. Symptoms
associated with the pressure of the tumor mass on neigh-
boring organs are also frequently observed: dyspepsia,
bloating and symptoms of obstruction of the alimentary
tract [46], hydronephrosis or edema and paresthesia of
the lower extremities [46, 50]. Lymphangioleiomyoma
localized in the mediastinum may cause Horner syn-
drome, lymph exudates to the pleural cavity and heart
rhythm perturbations [6, 18]. If LAM cells infiltrate
the ureters, chyluria occurs [51], whereas the occupa-
tion of Vater’s papilla may lead to cholestasis [45].
In the case of large lymphangioleiomyomas, ascites
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linked to a large lymph volume may be observed [6] or
bleeding from the tumor to the abdominal cavity [52].
Symptoms due to pressure on neighboring organs such
as: bloating, pain in the vicinity of the tumor, pollaki-
uria, edema and paresthesia of the lower extremities or
constipation are more intense during the day [18]. This
is associated with an increase in tumor volume dur-
ing the day due to greater flow of lymph through the
abdominal cavity and the pelvis after meals and during
daily activity, and an increase in hydrostatic pressure
in the erect position [18, 27]. The increase in volume
during the day is 140% on average [18]. Changes in
lymphangioleiomyoma volume during the menstrual
cycle have also been described [53].

Diagnosis

According to the recommendations of the Euro-
pean Pulmonological Society, the gold standard in
LAM diagnosis is a lung biopsy and high-resolution
computer tomography of the chest [7]. Characteristics
additionally favoring this diagnosis are: angiomyolipoma
currently/in the patient’s history, lymph exudates within
the chest and abdominal cavity, tuberous sclerosis, the
presence of lymphangioleiomyoma or microscopically
detected occupation of lymph nodes by LAM cells [7].
In the recommendations of the American Thoracic
Society/Japanese Respiratory Society from 2017, the
following are also included among these properties:
plasma concentration of vascular epithelial growth fac-
tor D (VEGF-D) > 800 pg/mL and the presence of LAM
cells in a cytological examination of the lymph exudates
in the pleural cavity [54]. Because LAM is exceedingly
rare in males, the final diagnosis should be made in each
case on the basis of a typical result of a lung biopsy [7].
A transbronchial biopsy has been shown to be a relatively
safe method in the group of LAM patients [55].

High-resolution computer tomography is the exami-
nation of choice both in the diagnostic process as well
as to observe disease progression [7]. Among typical
radiological changes observed in all patients are numer-
ous, small round cysts in the lung (2-5 mm diameter),
equally distributed within the lung parenchyma [11].
Because of the frequent co-occurrence of LAM and
renal angiomyolipoma computer tomography with an
abdominal cavity and pelvic contrast is recommended,
and in the case of contraindications for contrast use
— a magnetic resonance analysis [7].

Lymphangioleiomyoma in computer tomography
most commonly takes the form of well-defined, sol-
id-cystic lesions, with walls of different thickness and nu-
merous septs [26, 27, 46]. Less commonly a solid or only
cyst-like character is observed [27]. The lesion is general-
ly delimited but a few lymphangioleiomyomas with an in-

filtrating type of growth are observed [18]. Solid tumors
have a density similar to the liver (59-71 HU), cyst-like
lesions a lower one (3-25 HU), corresponding to lymph
accumulation [18]. The cyst walls may become more
pronounced after contrast [17]. Lymphangioleiomyoma
under magnetic resonance shows differentiated values
of signal both in T1 and in T2 exposure [38, 44, 49, 50].
In PET a small uptake of glucose is observed [26].
In ultrasound E-LAM can give the appearance of an
isoechogenic, hypo- and hyperechogenic lesion, not
permitting its differentiation from ovarian neoplasms
or lymphomas [27]. However, changes in the structure
during the day are characteristic: solid changes in the
morning hours, can in the evening have a solid-cystic
character and change their echogenicity [27]. Moreover,
lymphangioleiomyomas have been found to increase
their volume during the day which differentiates them
from other neoplastic lesions localized in the retroperi-
toneal space and the pelvis [27].

LAM is also associated with an increased risk of
meningioma development, therefore in the case of
symptoms from the central nervous system magnetic
resonance of the head is justified [7]. Patients with LAM
should also be under the care of a genetic counselling
facility — TSC is characterized by a broad range of phe-
notypes and poorly clinically expressed characteristics
of this syndrome may lead to incorrect classification of
the case as sporadic [7].

Morphology

The typical appearance for LAM encompasses the
occurrence of numerous cysts in the parenchymal tissue
of the lungs and multifocal proliferation of immature
smooth myocytes and perivascular epitheliod cells
(PECs), known in the case of lymphangioleiomyoma as
LAM cells [7]. Foci of proliferation for LAM cells and
myocytes are most commonly located around lymph ves-
sels, interlobar septae and the pleura [3]. Within LAM
cysts smaller fusiform cells are localized more centrally,
whereas epithelioid cells with abundant cytoplasm are
localized mainly at the periphery [56]. Cytological atypia
and division patterns are generally not present [57].

On the basis of the intensity of two morphological
changes typical for LAM: the occurrence of cysts and
intensification of LAM cell proliferation within lung
biopsy material, Matsui et al. (2001), elaborated a divi-
sion into III histologic severity grades (LHS, histologic
severity of LAM) [34]. The percentage of lung tissue
occupied by the described lesions viewed under a small
magnification was qualified as follows: LHS1 < 25%;
LHS-2: 25-50% and LHS-3 > 50% [34]. The authors
also showed a strong correlation of the grade of LHS
severity with 10-year overall survival, which was: 100%,
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Figure 1A-D. Retroperitoneal LAM with infiltration of lymph node — in the order of staining HE, SMA, HMB-45,

progesterone receptors [100x]

74.4% and 52.4%, respectively in w LHS-1, LHS-2 and
LHS-3 [34]. LHS is currently an acknowledged prog-
nostic factor in pulmonary LAM [58].

Lymphangioleiomyoma is generally described as
lesions well delimited from surrounding tissues [21, 26],
with the presence of a fibrous capsule [57]. Infiltration
of LAM cells beyond the capsule is rare [6]. LAM foci
in the uterus are an exception, they are frequently
poorly separated from unaffected smooth uterine
muscle coat [21, 24]. Differential diagnosis of E-LAM
within the uterus encompasses myoma, leiomyosarcoma,
endometrial stromal sarcoma or paraganglioma [48].
Lymphangioleiomyomas similarly as the pulmonary
form is composed of fusiform and epithelioid LAM cells
with round and oval nuclei with an abundant slightly
acidophilic cytoplasm [6, 24, 50]. These cells form
nests — resembling the so-called ,,zellballen” described
in phaeochromocytomas [26], separated by slot-like
vessels with thin walls lined with endothelial cells [50],
which may undergo hyalinization [21, 24, 26]. Typically
necrosis and blood extravasation to the tumor are not
observed [6, 21, 26, 46]. In most cases the mitotic activity
is low [6, 21], in some cases, up to 4 figures for 10 visual
fields were observed [24, 37]. A fairly common finding
are small clusters of reactive lymphocytes, resembling
lymph nodules [6].

LAM cells are characterized by the simultaneous
expression of melanocyte (HMB-45, Melan A, MART1)

and smooth muscle (SMA, desmin, actin) markers (Fig. 1)
[59, 60]. The expression of HMB-45 is observed in all
cases, and the percentage of cells showing the expression
of this marker is variable — it is in general 20-40% and
concerns predominantly epithelioid cells [11, 56, 60,
61]. In almost all cases the expression of the estrogen
(ER) and progesterone (PR) receptor also occurs
— mainly within fusiform cells [56], and in general PR
expression is stronger [62]. Other markers useful in
the differential diagnosis are §-catenin and E-cadherin
and cathepsin K, whose expression has been observed
in all analyzed cases [56, 63, 64]. The co-occurrence of
the expression of lymph vessel endothelium markers
is also characteristic: podoplanin (D2-40), PROXI,
VEGFR-3 and LY VEI, which occurs both in cells lining
lymph vessels and in the LAM cells themselves [56].
Among less typical markers is the epithelial growth
factor receptor (EGFR), whose expression was observed
in about one-half of cases [56]. Kobayashi et al. (2018)
have also demonstrated the cytoplasmic expression of
EGFR/ErbB-1 and HER4/ErbB-4 in LAM cells [65].
Maisel et al. (2018) described the strong expression of
the programmed death-ligand 1 (PD-L1) in preparations
from lung biopsies from 6 patients with LAM, which was
greater in preparations from pulmonary nodules than
in tissue from healthy lungs [66]. They also found the
presence of T lymphocytes showing the expression of
programmed death-ligand 1 (PD-1) receptor, infiltrating
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LAM foci [66]. In the case of lymphangioleiomyoma,
LAM cells show the expression of a similar marker
profile: HMB45 — particularly in epithelial cells [6],
Melan A, calponin, SMA, desmin, nuclear expression
of ER and PR [6, 24, 46, 50]; moreover expression of
B-catenin [35], E-cadherin [67], MiiTF [25] and in the
lymph vessel endothelium: CD34, podoplanin, CD31,
and VEGFr-3 [21, 24, 26, 43].

Genetics

Similarly, as other proliferative diseases from the
PEComa family, lymphangioleiomyoma has a higher
frequency of occurrence in patients with tuberous
sclerosis — characterized by the presence of germline
inactivating mutations and loss of heterozygosity (LOH)
in the 16p13.3 region, in the T.SC2 locus, encoding the
tuberin protein and in the 9q34 region, locus 7SCI,
encoding the hamartin protein [8, 68]. Tuberin has an
inhibiting action on the signalling protein Rheb — a ho-
molog of the Ras protein (Ras homolog enriched in the
brain — Rheb), which in turn is a known activator of the
mTOR serine-threonine kinase [69]. Hamartin forms
a complex with tuberin, stabilizing it and protecting it
from degradation in proteosomes [70]. Excessive acti-
vation of the Rheb protein due to the loss of function
of one of these two proteins leads to activation of the
mTORCI pathway, increased synthesis of proliferation
stimulating proteins and angiogenesis resulting in the
presence of numerous tumors of the PEComa type in
patients with tuberous sclerosis [69]. The pulmonary
form of LAM is found in approximately 30-50% women
and in approximately 10% men with tuberous sclerosis,
these are more commonly patients with mutations within
TSC2 [8, 71]. Similarly, somatic inactivating mutations
and loss of heterozygosity in the TSCI and TSC2 genes
are observed in LAM cells obtained from patients with
the sporadic LAM form though as this form is rare
there are no analyses of large groups of patients [72].
Badri et al. (2013) analyzed material obtained from
10 patients with sporadic LAM, showing that in as many
as 8 of them LAM cells showed perturbations within
the TSC2 locus, moreover, in 4 of them complete loss
of tuberin occurred because of loss of heterozygosity
and a mutation in the second allele (3 cases) and two
inactivating mutations in both alleles simultaneously in
one case [73]. In the paper by Fuyjita et al. (2015), inactivat-
ing somatic TSCI/TSC2 mutations were detected in LAM
cells in 6 out of 9 patients with LAM [74]. Among other
genetic changes observed in patients with lymphangi-
oleiomyoma are: germline mutations within BARDI,
BLM and BRCA2 [14] and EGFR amplification [56],
however, their role in LAM pathogenesis has not been
fully analyzed.

Evaluation of the stage of the
pulmonary form of LAM and factors
affecting the severity of its progression

Among analyses of the functioning of the respiratory
system whose results correlate with the irregularities
observed in radiological and histopathological analyses
and which change with disease progression are: analysis
of the coefficient of lung transfer for carbon monoxide
(TLco) and a spirometric analysis — especially the
measurement of the forced expiratory volume in 1 sec-
ond (FEV)) [58]. In the first evaluation of the degree of
progression of the disease TLco and spirometric analy-
sis with a bronchodilatory test are recommended [7].
Moreover, in patients from whom a lung biopsy was
obtained a histological evaluation of the progression in
the LHS scale, which was described earlier, is performed
[58]. FEV, and TLco measurements should be repeated
every 3—-6 months in order to evaluate the progression of
the disease and the response to treatment and in the case
of stable results, the control analyses can be reduced to
annual ones [7]. In patients in the initial stage of the dis-
ease in general deviations are not observed in gasometric
blood analysis, it is used as an indication of indications
for oxygen therapy and lung transplantation in patients
with advanced disease [7]. An exercise test and a 6-min-
ute marching test (60MWT) find application in the evalu-
ation of the effect of the disease on general performance
and response to treatment [58]. The pulmonary LAM
form is characterized by a milder course in patients with
tuberous sclerosis, in comparison to the sporadic form
[7,58]. Moreover, patients in whom the first LAM symp-
toms are hemoptysis and dyspnea have a worse disease
than those in whom LAM was diagnosed because of
pneumothorax, which may be associated with the delay
in diagnosis in the first group [58]. A tendency of LAM
to progress more slowly in post-menopausal women has
been indicated [75]; in the analysis by Gupta et al. (2019)
the change in FEV, in pre-menopausal women was on
the average —118 mL/year, whereas in postmenopausal
women it was =74 ml /year (p = 0.003) [76]. A recently
described prognostic factor in lymphangioleiomyoma is
the plasma level of vascular endothelial growth factor
D (VEGF-D), which is much higher in patients than
in the healthy population, especially in patients with
tuberous sclerosis [77]. A high level of VEGF-D (over
800 pg/mL) was correlated with a more rapid rate of
deterioration of FEV, values [78] and the presence of
lymph exudates to the pleural cavity and the number of
pulmonary cysts [77]. Other markers which have been
associated with the severity of the course of pulmonary
LAM are: the concentration of extracellular matrix
metalloproteinases (MMP) in urine [58], the plasma
concentration of vitamin D binding protein (VIDB)
[79, 80], VEGF-3 receptor and chemokine CCL21 [81]
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or the expression of the receptor of the human epithelial
growth factor 3 (HER3) w LAM cells [61].

Pulmonary LAM treatment

Respiratory rehabilitation encompassing aerobic
exercises and exercises for strengthening the breath-
ing muscles exerts a proven, favorable effect on the
evaluation of life quality, the 6MWT result, the feeling
of dyspnea and the level of everyday activity of LAM
patients [82]. By analogy to the procedure in chronic
obstructive pulmonary disease, it is recommended that
LAM patients be covered by prophylactic vaccinations
against pneumonia diplococcus and influenza and be-
cause of the frequent occurrence of osteoporosis, pa-
tients with LAM should undergo periodic densitometric
analyses [7]. LAM is associated with an increased risk
of pneumothorax, which occurs in about one-half of
patients at the moment of diagnosis and in over 60% of
patients in the course of the disease, with a tendency to
frequent recurrences [7]. Factors additionally increas-
ing the risk of pneumothorax are pregnancy and flying
[7, 83]. Pleurodesis is effective in preventing recurring
pneumothorax; the analysis by Gonano et al. (2018) of
a group of 145 patients indicated that pleurodesis pre-
vented its occurrence with a probability of 82%, 68%
and 59% after one, 5 and 10 years, respectively after
the procedure in comparison with 55%, 46% and 39%
among patients who did not undergo the procedure
(p = 0.026) [83]. In the case of abundant lymph exudates
to the pleural cavity a diet low in fat is recommended,
and if clinical symptoms occur (dyspnea, coughing,
chest pain) — traditionally draining of the pleural cavity
through thoracentesis is applied [ 7], however, in the light
of new evidence before starting treatment by invasive
methods an attempt to control the symptoms by systemic
treatment with sirolimus is recommended [5, 35, 84]. In
advanced stages of LAM, in patients considered to be
class ITI-I'V on the NYHA scale with hypoxemia at rest,
lung transplantation can be applied [7]. Average time
from diagnosis to the transplantation varies in papers
from various centers in the range of 4-5 years [85, 86].
In a large retrospective analysis of data concerning the
course of the disease in 138 patients with LAM who
had undergone a lung transplantation 1-year, 5-year
and 10-year overall survival after the procedure were:
94%, 73% and 56%, respectively, and the causes of
death were most commonly: bronchiolitis obliterans and
chronic transplant rejection [87]. Such parameters as the
presence of lung hypertension and the S(MWT distance
before the procedure, the patient’s age, time of organ
ischemia during the procedure or transplantation of one
or both lungs did not affect overall survival after the pro-
cedure [87]. In the analysis by Reynaud-Gaubert et al.

(2008), summing up the results of lung transplantation
of several French transplantation centers 1-year, 5-year
and 10-year overall survival after the procedure were
79.6%, 74.4% and 64.7%, respectively [85]. Baldi et al.
(2017) obtained similar results in an analysis encompass-
ing 11 patients with LAM, the probability of surviving
one, three and five years after lung transplantation was
90%, 90% and 75%, respectively [86]. There are rare
descriptions of patients with a LAM recurrence in the
transplanted lung [85, 88].

In recent years a breakthrough has occurred in
systemic lymphangioleiomyomatosis treatment, which
for many years was resistant to anti-estrogen therapy
(removal of ovaries, use of medroxyprogesterone or
selective estrogen receptor modulators) whose effi-
cacy had finally not been proven [89]. No efficacy was
demonstrated for treating LAM using doxycycline [S] or
an aromatase inhibitor — letrozole [90]. On the basis of
positive results of clinical trials, sirolimus, a drug from
the group of mTOR kinase inhibitors was registered
by the Food and Drug Administration (FDA) in May
2015 as the first and currently the only drug for system-
ic LAM treatment [5]. According to the guidelines of
the American Thoracic Society/Japanese Respiratory
Society, sirolimus is indicated in patients with LAM,
accompanied by a rapidly deteriorating function of the
respiratory system or FEV, <70% wn. and in patients
with symptomatic pleural lymph exudates, before using
invasive treatment methods [5]. Clinical trials concern-
ing the use of mTOR inhibitors (sirolimus, everolimus)
in treating lymphangioleiomyomatosis are summarized
in Table 1 — without taking retrospective analyses
into consideration.

A randomized, multicenter, placebo-controlled,
double-blind phase III clinical trial MILES (Multicenter
International Lymphangioleiomyomatosis Efficacy And
Safety Of Sirolimus), is so far the largest clinical trial
concerning the use of sirolimus in LAM [91]. 89 patients
were randomly divided into 43 receiving placebo and
46 sirolimus p.o. at an initial dose of 2 mg/d, and then
established to maintain the serum concentration of the
drug at a level of 5 to 15 ng/mL [91]; this dosage was ac-
cepted as a standard in successive trials [84, 92, 93]. After
12 months of treatment in the group receiving sirolimus
FEV, stabilization was observed (+1 + 2 mL/month)
withworsening FEV at 12 + 2 mL/month in the placebo
group (p < 0.001). In the treatment group improve-
ment was also observed in forced vital capacity (FVC),
exercise tolerance, evaluation of the quality of life and
a decrease in the serum concentration of VEGF-D in
comparison with the placebo group. After finishing
taking sirolimus, FEV, decreased at the same rate in
both groups, which suggests that sirolimus therapy does
not stop the progression of the disease when therapy is
terminated, but also does not speed up this process [94].
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In the MILES trial, VEGF-D serum concentration
was indicated as a negative prognostic factor but at the
same time as a positive predictive factor for response
to sirolimus treatment [95]. A higher VEGF-D level at
the beginning of the trial was associated with a better
response to treatment in the group receiving siroli-
mus (improvement in FEV, and FVC values), but at
the same time a more rapid decrease in the value of
these parameters in the placebo group [95]. In the last
performed analyses a positive effect of sirolimus on
burdensome LAM complications such as lymph exu-
dates to the pleural cavity and recurring pneumothorax
was also observed. In the trial by Zhou et al. (2018) in
5 analyzed patients with recurring pneumothorax in
spite of pleurodesis, taking sirolimus in doses ensuring
the maintenance of the drug concentration in serum at
a level 3-10 ng/mL, no recurrences of pneumothorax
were observed during the whole time of treatment [96].
However, interruption of therapy or a decrease of the
blood concentration of the drug below 3 ng/mL resulted
in recurrence of pneumothorax in 2 patients during 2 and
3 year-long observation [96]. In an observational trial
by Taveira-DaSilva et al. (2011) planned to evaluate the
benefit of using sirolimus in patients with a severe course
of LAM and abundant lymph exudates in the pleural
cavity in all 12 patients a complete or almost complete
reduction of the volume of the accumulating liquid
took place which allowed draining of the pleural cavity
to be stopped in 2 of them [84]. In two retrospective
analyses the effectiveness of sirolimus at a lower dose
(target drug concentration in serum below 5 ng/m) in
comparison with a standard dose (drug concentration in
serum 5-15 ng/mL on the basis of the MILES trial), was
evaluated, yielding contradictory results [10, 97]. Ando
et al. (2013) showed an improvement in the function of
the respiratory system and withdrawal of lymph exudates
in patients treated with low doses, to a degree compara-
ble with the results of trials using the higher dose [10].
However, Yoon et al. (2018) showed lower effectiveness
of lower doses of sirolimus, whose use at the same time
did not lead to a decreased frequency of undesirable
adverse effects [97]. In a meta-analysis by Gao et al.
(2018), encompassing 7 clinical trials concerning the
use of sirolimus in LAM, a significant improvement of
FEV, and FVC was confirmed in treated patients — the
weighted average of differences was: 0.15 1 (95% CI:
0.08-0.22,p < 0.01,1, = 0%) for FEV, and 0.221(95%:
0.11-0.32,p < 0.01, I, = 0%) for FVC[98]. However, no
improvement of the 6-minute walk test nor the diffusion
capacity of the lungs for carbon dioxide was observed.
The accumulated frequency of occurrence of adverse
events was: 50% for stomatitis, 40% for hyperlipidemia,
23% for headaches, 20% for bone marrow suppression
and 19% for diarrhea [98]. Among frequently mentioned
adverse effects of sirolimus are also respiratory tract

infections, but sirolimus was not shown to increase their
frequency with respect to the population of patients with
LAM not using systemic therapy [99].

Sirolimus is currently the only drug whose use in LAM
is recommended in the guidelines of the American Tho-
racic Society/Japanese Respiratory Society, in the light
of the lack of convincing evidence for the effectiveness
of other substances [5]. Preclinical and clinical trials are
also being conducted on autophagy inhibitors [100], statins
[101], hydroxychloroquine [102], a synthetic flavonoid
— Proxison — an antioxidant normalizing mitochondrial
metabolism, which showed synergy with sirolimus in in-
hibiting LAM cell growth in vitro [103], drugs targeting
signal pathways connected with the receptor for vascular
endothelial growth factor — VEGFR [104] or PD-1 inhibi-
tors, prolonging survival in mouse models of LAM [66].

Treatment and prognosis in E-LAM

Lymphangioleiomyomas, even though they attain
large sizes and are often non-resectable [29, 45], in
general, have a mild clinical course. In a retrospective
analysis by Matsui et al. (2001) among 17 patients with
E-LAM, only one died because of an aggressive course of
a simultaneously occurring pulmonary LAM form, all the
others were alive at the moment of publishing the results
with an average observation time of 5.5 years [6]. Radi-
cal resection allows long-term control of the disease [16,
24, 39, 40, 42, 50], also when laparoscopic techniques are
used [43, 113]. There are reports in the literature about
local recurrence after E-LAM resection [37, 114], which
can, however, be treated with good effects by a repeated
resection [115]. Long survival times were also observed in
the case of non-resectable disease; the case of an 11-year
old girl has been described in whom a non-radically ex-
cised mesenterial lymphangioleiomyoma did not undergo
progression in spite of lack of treatment for 10 years [116]
and a 47-year old woman with uterine E-LAM and metas-
tases to the lungs and ovary who remained in good overall
status for 12 years of observation [117]. Because of the lack
of unified methods of lymphangioleiomyoma treatment
and their relatively mild clinical course, screening of pa-
tients with the pulmonary form of LAM for E-LAM is not
recommended, if they do not have any clinical symptoms[7].
If cumbersome clinical symptoms occur such as pain in
tumor progression, constipation or edema of the lower
extremities, attempts to treat are undertaken similar to the
pulmonary form of LAM — by hormone therapy [12] and
mTOR inhibitors [118] and radiotherapy for the area of
the occupied lymph nodes [119]. Radzikowska et al. (2016)
performed a retrospective analysis of the effectiveness of
sirolimus in 14 patients with pulmonary LAM (including one
with TSC) and lymphangioleiomyoma of the retroperitoneal
tract [118]. During 10 months of therapy with sirolimus (at
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adose of 1—5 mg/d, in order to attain blood concentration of
the drug at a level of 5—15 ng/mL), besides improvement of
respiratory tract ailments, a significant decrease was observed
in the volume of the lesions in comparison to the initial value
(1603.85 = 2437.56 cm3vs. 198.01 = 315.43 cm’; p = 0.00026),
and total withdrawal of lymph from the retroperitoneal
space and pleura in 13 of then [118]. In the analysis by
Mohammadieh et al. (2013), encompassing 5 patients with
lymphangioleiomyoma of the abdominal cavity, the effec-
tiveness of everolimus (at a dose 1—1.5 mg/d; in two divided
doses) was evaluated [120]. After 6 months of therapy in
4 out of 5 patients a partial or complete response was ob-
served and withdrawal of the ascites [120]. The descriptions
in the literature of cases treated with mTOR inhibitors and
hormone therapy in E-LAM are presented in Table 2 and
Table 3, respectively. It isworth stressing that among the cases
presented in Table 2 (mTOR inhibitors), disease progression
did not occur in any of the cases during the administration of
a drug from this group.

Summary

Lymphangioleiomyomatosis is a member of the PE-
Coma (perivascular epithelioid cell tumors) family [2]. In
patients with the pulmonary form of LAM, LAM foci have
been described in the uterus, adnexa or broad ligament of
the uterus and there is the frequent occupation of lymph
nodes in the extraperitoneal space [21]. Lymphangioleio-
myoma in computer tomography, in general, has the form
of awell-separated solid-cystic lesion, with walls of different
thickness and numerous septae [26, 27, 46]. Solid or cystic
character is less common [27]. The lesion is generally well
separated, but a few lymphangioleiomyomas with infiltrat-
ing growth are also observed [18]. Sirolimus is currently the
only drug whose use in LAM is recommended by interna-
tional recommendations [5]. The randomized, multicenter,
placebo-controlled, double-blind clinical phase III MILES
trial (Multicenter International Lymphangioleiomyomato-
sis Efficacy And Safety Of Sirolimus), is so far the largest
clinical trial concerning the use of sirolimus in LAM [91].
Preclinical and clinical trials also encompass autophagy
inhibitors [100], statins [101], hydroxychloroquine [102],
anti-VEGFR drugs [104] and PD-1 inhibitors [66].
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