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Abstract: Lymphangioleiomyomatosis (LAM) is an uncommon disease presented as diffuse 

thin-walled cystic changes in the lung. The main differential diagnoses include pulmonary 

Langerhans’ histiocytosis (PLCH), Birt-Hogg-Dubé syndrome (BHD), lymphoid interstitial 

pneumonia (LIP), and amyloidosis. A combination of clinical, radiological, and pathologi-

cal approaches as well as genetic testing will clarify the diagnosis in most cases. LAM is a 

disease almost exclusively in women. Dyspnea, pneumothorax, and hemoptysis are common 

presentations in LAM patients. LAM is also a lymphatic disorder affecting lymphatic vessels 

and lymph nodes. Chylothorax, chylous ascites, and lymphangiomyomas are frequently seen. 

LAM can present sporadically as a single entity or as part of tuberous sclerosis complex (TSC). 

Angiomyolipoma (AML) is a characteristic extra-pulmonary lesion, either found in association 

with sporadic or TSC-related LAM. High-risk populations should be screened for LAM, includ-

ing adult women with TSC and female patients with spontaneous pneumothorax, AMLs in the 

kidney, and diffuse cystic lung diseases. Definitive diagnosis of LAM is based on a high level 

of clinical suspicion on presentation supported by pathological findings or by a distinct feature, 

such as a history of TSC, AMLs in the kidney, chylothorax, or chylous ascites. Vascular endothe-

lial growth factor-D (VEGF-D) in serum is a noninvasive and reliable diagnostic biomarker. 

In experienced centers, trans-bronchial lung biopsy (TBLB) provides a convenient and safe 

way to obtain lung specimens for diagnostic purposes. An effective treatment for LAM is now 

available, namely using a mechanistic target of rapamycin (mTOR) inhibitor such as sirolimus. 

Efficacy of sirolimus has been confirmed in clinical trials. Research in other molecular-targeted 

therapies is under investigation. A previously little-known rare disease with no cure is now better 

understood with regards to its pathogenesis, diagnosis, and management. In this review, current 

knowledge in diagnosis and differential diagnosis of LAM will be discussed, followed by the 

discussion of therapy with mTOR inhibitors.

Keywords: lymphangioleiomyomatosis, diffuse cystic lung diseases, tuberous sclerosis complex, 

vascular endothelial growth factor-D, sirolimus

Introduction
Substantial achievements have been made during the past two decades regarding the 

molecular mechanism involved in the pathogenesis, diagnosis, and management of a 

previously little-known rare lung disease, namely lymphangioleiomyomatosis (LAM). 

LAM is a condition causing diffuse cystic lung lesions seen on a high resolution comput-

erized tomography scan of the lung (HRCT). It is regarded as a low-grade, destructive, 

and metastasizing neoplasma.1 LAM is almost exclusively seen among women, espe-

cially during child-bearing age. Symptoms may start insidiously or abruptly. Dyspnea 

develops gradually from mild, moderate, to severe. Hypoxemia, or respiratory failure, 
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is common due to progressive deterioration of lung function 

and the presence of pneumothorax or chylothorax.

The diagnosis of LAM poses a challenge for pulmo-

nary physicians. LAM is rare and hence unfamiliar to 

many physicians. There have been less than 3,000 patients 

registered in the international network of LAM clinics 

that are supported by the LAM Foundation (http://www.

thelamfoundation.org). Nevertheless, LAM is frequently 

listed in differential diagnosis when diffuse cystic changes 

are present in the lung. Up until recently, HRCT has been 

commonly relied upon for the diagnosis of this condition. It 

is also difficult to prognosticate the long-term outcome of 

LAM because of its variable clinical features and variable 

rate of progression, as well as the lack of clear prognostic 

factors thus far.2 Hence, it is necessary to review the literature 

on the current knowledge in the diagnosis and differential 

diagnoses of LAM to aid understanding of this condition. 

Furthermore, as more clinical trials and scientific studies are 

conducted, there is now greater consensus about the manage-

ment of patients with LAM. In particular, there is now greater 

understanding on various factors governing the pathogenesis 

of LAM leading to the advent of non-invasive treatment with 

mechanistic target of rapamycin (mTOR) inhibitors.

Diagnosis of LAM
Diagnostic criteria
Table 1 lists the diagnostic criteria for LAM by the European 

Respiratory Society (ERS) in 2010.2 Pathological diagnosis 

from lung tissue is not required for all definite LAM. 

Definite LAM can be diagnosed based on characteristic 

images on HRCT plus any one of the following clinical 

grounds (Figure 1): 1) radiological or pathological diagnosis 

of kidney angiomyolipoma (AML); 2) chylothorax or chylous 

ascites; 3) pathological diagnosis of lymphangioleiomyoma 

or lymph-node involvement of LAM; 4) tuberous sclerosis 

complex (TSC). It is important to carefully evaluate extra-

pulmonary manifestations such as AMLs in the kidney, 

retroperitoneal tumor, or mixed solid and fluid containing 

cystic mass in the pelvis.

There are two types of LAM – sporadic or TSC-related.2 

TSC is a genetic disease with multiple organs involved. 

The onset of TSC may be found prenatally as evidenced 

by the presence of cardiac rhabdomyoma, subependymal 

giant cell astrocytoma, and by genetic testing. Epilepsy, 

an array of cutaneous abnormalities, and kidney AMLs 

are present in very young children. LAM had been found 

to be present only among adult female patients with TSC.3 

For every patient diagnosed with LAM, it is important to 

clearly determine whether it is sporadic or associated with 

this genetic disease.

New diagnostic approaches
Vascular endothelial growth factor-D
Vascular endothelial growth factor-D (VEGF-D), a lymp-

hangiogenic factor, has been found to be elevated in LAM.4 

A serum VEGF-D level greater than 800 pg/mL yields high 

sensitivity and specificity for making the diagnosis of LAM.5 

It was estimated that 90% of the probable LAM based on ERS 

guidelines could be upgraded to definite LAM if VEGF-D 

estimation is added to the diagnostic criteria. Similarly, 

invasive surgical biopsy could be decreased to less than 

10% if VEGF-D is included in the diagnostic criteria.6 It 

would seem that adding VEGF-D in the initial evaluation 

is valuable for the diagnosis of LAM. Moreover, VEGF-D 

reflects lymphatic involvement and it correlates well with 

the severity shown on HRCT.6,7

It has been found that treatment with sirolimus stabilizes 

lung function and decreases the VEGF-D levels.8 Potentially 

VEGF-D blood level can also be used to gauge response 

to treatment with sirolimus.9 Further studies are needed to 

establish the value of VEGF-D in gauging the responsiveness 

to sirolimus treatment.

Procedural approaches in lung biopsy
Trans-bronchial lung biopsy (TBLB) has been routinely used 

in the diagnosis of diffuse parenchymal lung diseases but its 

application in LAM is limited. This is because the risk of 

producing pneumothorax may be high in cystic lung diseases. 

There is no prospective study to evaluate the yield and safety 

Table 1 Diagnosis criteria for LAM

Definite LAM 1. � Characteristic or compatible lung HRCT, 
and lung biopsy fitting the pathological 
criteria for LAM; or

2. � Characteristic lung HRCT and any of the 
following: 
angiomyolipoma (kidney); 
thoracic or abdominal chylous effusion; 
lymphangioleiomyoma or lymph-node 
involved by LAM; 
Definite or probable TSC.

Probable LAM 1. � Characteristic HRCT and compatible 
clinical history; or

2. � Compatible HRCT and any of following: 
angiomyolipoma (kidney); and thoracic or 
abdominal chylous effusion.

Possible LAM Characteristic or compatible HRCT.

Note: This table was created based on the diagnostic criteria of ERS, 2010.2

Abbreviations: LAM, lymphangioleiomyomatosis; ERS, European Respiratory Society; 
HRCT, high resolution computed tomography; TSC, tuberous sclerosis complex.
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of TBLB in the diagnosis of LAM. From a recent survey 

conducted by Meraj et al, it was estimated that diagnostic 

yield from TBLB was about 60%.10 From this survey, the risk 

of pneumothorax and bleeding was reported to be 6% and 

4% respectively.10 It would seem that TBLB is a convenient 

and safe procedure in experienced hands for the purpose of 

making the pathological diagnosis.10,11 As the sample size 

of tissue from TBLB is small, it was recommended that 

immunohistological staining of a specific marker HMB-45 

be used as an adjunct to aid confidence in diagnosing LAM.10 

Nevertheless, TBLB can provide valuable evidence for defini-

tive diagnosis of LAM, especially when it is more widely 

applied in the investigation of this condition.11 If TBLB fails 

to provide meaningful results, video-assisted thoracoscopy 

can be used for pathological confirmation of LAM diagnosis. 

However, routine use of TBLB is not currently recommended 

outside experienced centers, eg, LAM clinics. The safety 

issue of this procedure warrants future prospective studies 

in order for it to be used in non-LAM clinics.

Circulating LAM cells
LAM cells have been found in blood, chylous effusion, 

bronchoalveolar lavage fluid, and urine.12–14 These circu-

lating LAM cells can be used for further molecular study. 

Potentially, this is another non-invasive method that can be 

utilized to aid diagnosis.

Diagnosis algorithm
In addition to the diagnostic criteria of ERS 2010 guide-

lines for definite LAM, the inclusion of VEGF-D into the 

diagnostic algorithm is supported by recent data, as we 

discussed above. We therefore propose a revised algorithm 

(Figure 2).

High-risk populations
Although LAM is mostly seen in women, there were cases 

reported among men in the literature.15,16 In practice LAM is 

usually excluded in the differential diagnosis in male patients 

with diffuse cystic lung diseases. There are several high-risk 

female populations for LAM. These include those patients 

with TSC, spontaneous pneumothorax, AMLs in kidney, 

and diffuse cystic lung diseases. Therefore, clinicians need 

to be aware of those conditions and undertake appropriate 

screening among these high-risk patients.

Adult women with TSC
On HRCT, more than 50% of TSC patients over the age of 

15 were found to have multiple or diffuse cystic changes in 

their lungs.17 From the same study, in females over 40 years, 

the prevalence of multiple cysts is as high as 81%. ERS 

guidelines recommended that HRCT should be performed 

for female TSC patients at age 18 years old and, if negative, 

be repeated between 30–40 years old.2 TSC patients with 

unexplained respiratory symptoms should be screened at any 

age with HRCT. Measuring serum VEGF-D level is helpful 

in differentiating TSC with or without LAM.5

Spontaneous pneumothorax in women
Spontaneous pneumothorax is a common presentation in 

LAM. Conversely, the risk for LAM in a young, non-smoking 

woman with spontaneous pneumothorax is significantly 

increased. It is estimated that the prevalence of LAM in 

patients with spontaneous pneumothorax among the young 

and non-smoking population is about 5%.18 Therefore, screen-

ing for LAM with HRCT in young and non-smoking women 

with pneumothorax is recommended and cost-effective.

AMLs in kidney
There is a high prevalence of renal AMLs in patients with 

sporadic LAM or TSC. For patients presented with AMLs in 

the kidney, the possibility of TSC should be looked for from 

history and physical examination. In a retrospective study of 

AML without history of TSC or LAM, 5.1% of patients were 

found to have four or more cysts in the lung.19 Hence, it is 

A B C

D

Figure 1 Typical presentations on lung, kidney, and skin in sporadic LAM or TSC. (A) Chest CT in a sporadic LAM patient showing diffuse pulmonary cystic changes and 
bilateral chylothorax; (B) renal angiomyolipomaseen in either sporadic LAM or TSC (TSC in this case); (C and D) angiofibromas on face and ungal fibromas in TSC.
Abbreviations: LAM, lymphangioleiomyomatosis; TSC, tuberous sclerosis complex; CT, computerized tomography.
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recommended that patients with AMLs in the kidney should 

be screened with HRCT for LAM.2

Diffuse cystic lung diseases
LAM should be screened and evaluated in every female 

patient with diffuse cystic lung disease. Patients with char-

acteristic history and radiographic changes of LAM are 

usually diagnosed without difficulties. However, there are 

a variety of diseases mimicking LAM (Table 2). To make a 

definitive diagnosis of LAM from these other diffuse cystic 

lung conditions can be a difficult task.20

Differential diagnosis of LAM
Diffuse cystic lung diseases consist of a group of heterogeneous 

lung diseases with similar cystic changes to LAM in the lung. 

Differential diagnosis of LAM has been excellently reviewed 

previously.20,21 Table 2 lists common thin-walled diffuse cystic 

lung diseases.20,22 The five most common diseases are LAM, pul-

monary Langerhans’ cell histiocytosis (PLCH), Birt-Hogg-Dubé 

syndrome (BHD), lymphoid interstitial pneumonia (LIP), and 

amyloidosis. Diffuse thin-walled cystic lung disease is a com-

mon presentation in Sjögren syndrome. Sjögren syndrome is not 

listed in Table 2 because of a wide range of pathological manifes-

tations which include LIP, amyloidosis, follicular bronchiolitis, 

nonspecific interstitial pneumonia, and mucosa-associated 

lymphoid tissue lymphoma.23–25 Nevertheless, primary or 

secondary Sjögren syndrome should be considered in the 

investigation of diffuse cystic lung diseases.

HRCT: diffuse cystic lung diseases
                  (for females)

VEGF-D in serum ≥800 pg/mL

Definite LAM VATS LAM excluded

TBLB

Yes

No

Or

Or

Or

Or
Tuberous sclerosis complex

Thoracic or abdominal chylous effusion

Kidney angiomyolipoma

Pulmonary or extra-pulmonary pathology confirmed

Exclusion of alternative diagnoses
Probable or possible LAM

−
−+

+

Figure 2 Proposed diagnostic algorithm for LAM.
Notes: + means LAM diagnosed; - means LAM not diagnosed.
Abbreviations: HRCT, high resolution CT; VEGF-D, vascular endothelial growth factor-D; LAM, lymphangioleiomyomatosis; TBLB, trans-bronchial lung biopsy; VATS, 
video-assisted thoracoscopy.

Table 2 Differential diagnosis of diffuse thin-walled cystic lung 
diseases

LAM
  Sporadic LAM
  Tuberous sclerosis complex-related LAM
PLCH
BHD
LIP
  Primary LIP
  Secondary LIP*
Amyloidosis*
Light-chain deposition disease
Follicular bronchiolitis*
Metastatic malignancy
  eg, sarcoma, meningioma, urothelial carcinoma
Pulmonary adenocarcinoma
Others

Notes: *As found in Sjögren syndrome. Copyright © 2013. Higher Education Press. 
Modified with permission from Ryu JH, Tian X, Baqir M, Xu K. Diffuse cystic lung 
diseases. Front Med. 2013;7(3):316–327,20; Modified with permission of the American 
Thoracic Society. Copyright © 2014 American Thoracic Society. Imokawa S, Uehara 
M, Uto T, et al. 2013. Pulmonary metastasis from urothelial carcinoma showing 
progressive multiple cystic lesions. Am J Respir Crit Care Med. Volume 188(10):1267–
1268. Official Journal of the American Thoracic Society.22

Abbreviations: LAM, lymphangioleiomyomatosis; PLCH, pulmonary Langerhans’ cell 
histiocytosis; BHD, Birt-Hogg-Dubé syndrome; LIP, lymphoid interstitial pneumonia.
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History and physical examination
Thorough history taking is critical in differentiating LAM 

from other similar lesions. Important information includes 

sex and age, pulmonary symptoms, and dermatological/

renal signs.

Sex and age
It had been generally thought that cystic lung disease found 

in men is not LAM.2 However, this is not entirely the case as 

LAM in men has been reported in the past.15,16 Nevertheless 

the diagnosis of LAM is mostly made among women. LAM 

is also a late presentation in TSC women after adolescence. 

PLCH and other diseases are seen in male or female patients. 

LAM is frequently diagnosed around 30–40 years of age. 

Similar age distribution is seen in PLCH and BHD.20

Pulmonary symptoms
Pneumothorax is a very frequent and recurrent symptom in 

LAM. It is found in over 50% of LAM in contrast to BHD 

and PLCH (10%–25%).20,26 Pneumothorax is less common in 

LIP and amyloidosis. Chylothorax is typically seen in LAM. 

Frequent hemoptysis with a small amount of blood is com-

mon in LAM. Despnea is common in LAM and PLCH. On 

the other hand, BHD patients rarely present with dyspnea.

Skin and kidney involvements
Skin and kidney involvements are very frequently found 

in TSC-LAM and BHD. Dermatological manifestations 

in TSC include angiofibromas, hypo-melanotic macules, 

shagreen patch, and ungal fibromas. Tumors in the kidney 

are usually benign in TSC, typically AMLs. AMLs are also 

found in sporadic LAM, but dermatological findings are 

absent. The presence of dermatological and renal manifes-

tations in TSC is very high (.80%) as well as being very 

specific. This contributes towards supporting the diagnosis 

of LAM. In BHD, multiple benign cutaneous neoplasms, 

including fibro-folliculomas on the face and neck, are also 

frequently seen. There is a high risk of renal cell carcinoma 

in BHD.

Other extra-pulmonary symptoms
In patients with TSC-LAM, epilepsy is common due to cere-

bral involvement of TSC. Bone lesions and diabetes insipidus 

are frequently found in patients with PLCH. For connective 

tissue disease-related LIP or amyloidosis, Sjögren syndrome 

is a most common finding. However, LIP could be idiopathic 

or secondary to Sjögren syndrome, AIDS, autoimmune 

thyroid disease, and other lympho-proliferative disorders. 

Systemic amyloidosis may have other clinical findings 

depending on the sites of involvement.

Cigarette smoking
Cigarette smoking or heavily exposed passive smoking is seen 

in the majority (.90%) of adult PLCH patients.27 Complete 

or partial remission of PLCH lesions could be achieved after 

smoking has ceased. Cigarette smoking has not been reported 

to be related to LAM, BHD, or LIP.20

Family history
TSC and BHD are genetic diseases. Similar clinical 

presentations in a family are pointers toward an inherited 

disease. Family history of pneumothorax and presence of 

bullae are suggestive of BHD.

Laboratory and genetic testing
A number of tests can be used to differentiate LAM from 

other conditions. Serum VEGF-D is now a well established 

biomarker for diagnosing, measuring severity, and potentially 

predicting the treatment response in LAM, as we discussed. 

Anti-nuclear antibodies, including anti-SSA and anti-SSB 

antibodies, are used to screen Sjögren syndrome. The 

presence of light chain immunoglobulin in blood is sugges-

tive of amyloidosis or light-chain deposition disease. Gene 

tests for TSC1 or TSC2 gene mutations are recommended 

for those who are diagnosed with TSC.3 Gene tests of FLCN 

gene mutations are used for diagnosis of BHD.28

Radiological examination
HRCT is recommended for all patients with cystic lung 

diseases because it can provide information on the 

characteristics of the cysts. LAM is described as a thin-

walled round cystic lung disease with walls less than 3 mm. 

It differs from thick-walled cysts, cavities, emphysema, 

bronchiectasis, or honeycomb changes.29 To diagnose 

LAM in the lung from radiological images, ERS guide-

lines for LAM suggested that there should be more than 

two cysts present on HRCT.2 Less than ten but more than 

two cysts is regarded as consistent with probable LAM. 

Lung cysts are usually 2 to 5 mm diameter in size, but 

larger cysts are commonly seen. LAM on CT is further 

graded into mild (Grade 1), moderate (Grade 2), and 

severe (Grade 3).30 An area of cyst less than one-third of 

the lung field is defined as Grade 1, larger than two-thirds 

as Grade 3, between one third and two-thirds as Grade 2. 

Images with Grade 2 or Grade 3 are usually quite diagnostic 

for LAM on HRCT.
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Obviously not all diffuse thin-walled cystic lung diseases 

are LAM. HRCT images provide valuable clues in aiding a 

diagnosis. The distribution of cysts in PLCH is predominately 

in the upper and middle fields of the lung with sparing of 

the costo-phrenic angles. Cysts in PLCH are irregular in size 

with the wall thicker than that in LAM. Distribution of asym-

metrical large cysts under the pleura or peri-mediastinum in 

the lower lung field is suggestive of BHD. A combination 

of cysts and nodules is suggestive of PLCH.

Multiple fine nodules are seen also in TSC with micro-

nodular pneumocyte hyperplasia shown on histology.31 LIP 

has features of interstitial lung disease, such as reticulo-

nodular opacities and alveolar infiltrates. Nodules, inter-

lobular septal thickening, and ground-glass opacity are seen 

in amyloidosis.

Pathological examination
Surgical lung biopsy is the gold standard for diagnosing 

LAM. However, since the publication of ERS guidelines 

for LAM diagnosis, pathological evidence for a definite 

diagnosis is no longer mandatory.2 Pathological examina-

tion, however, does provide a solid basis in the differential 

diagnosis for cystic lung diseases.

Pathologically, there is a prominent presence of prolifera-

tive smooth muscle-like cells (LAM cells) as well as cystic 

formation in the lung. It is generally accepted that TSC2 

gene mutations and over-activation of a down-stream protein 

mTOR are major mechanisms involved at the molecular 

level.32 The role of estrogen in the pathogenesis was not clear 

until recently when estrogen was found to be involved in the 

growth and metastasis of LAM cells.33,34

The origin of LAM cells is unknown. Microscopically, 

LAM cells are present as clusters of immature smooth 

muscle cell-like spindle cells, staining positive on smooth 

muscle actin and a melanocytic marker HMB-45. Likewise, 

estrogen or progesterone receptors are frequently positive in 

immunochemical staining. This may be one of the potential 

usages in future molecular-targeted therapeutic options.35 

Similar pathological findings are seen in lung and kidney 

AMLs with the same TSC2 mutations.36 For this reason, 

pulmonary LAM is generally believed to be metastatic lesion 

originated from the kidney. There are also evidences of a 

potential uterine origin of LAM cells.1 Estrogen is believed to 

be one of the major forces in tumor growth and metastasis.34 

The metastatic model is also supported by the presence 

of circulating LAM cells found in blood, urine, chylous 

effusion, bronchioalveolar lavage fluid, lymphatic vessels, 

and lymph nodes.13,14 LAM is referred to as a low-grade, 

destructive, and metastasizing neoplasm.1 In the World 

Health Organization classification of tumors, LAM is listed 

as one of the mesenchymal tumors within the malignant 

epithelial tumor category.37

Management of LAM
Evaluation of severity
Severity of LAM in patients should be evaluated every 

6–12 months in local LAM clinics or as needed depending 

on other associated conditions. The patients are assessed 

with regards to their lung function, cardiopulmonary status, 

and quality of life. Assessments or tests include presence of 

symptoms and signs, pulmonary function tests, including 

diffusion capacity of lung, 6-minute walking test, pulse oxim-

etry, and health-related quality of life assessment based on St 

George’s Respiratory Questionnaire.6,9,26,30,38–42 Arterial blood 

gas analysis might be needed under special conditions, such 

as rapid deterioration of pulmonary function. Other tests, 

including serum VEGF-D, electrocardiogram, cardiac ultra-

sound, HRCT of the lung, as well as radiological evaluation 

of abdomen and pelvis with a CT scan or magnetic resonance 

imaging for extra-pulmonary lesions, are recommended. 

During the follow-up, disease progression and the effect of 

medication should also be evaluated from history and clinical 

examination. Table 3 lists the suggested evaluation of severity 

and timing for patients with LAM. Test items selected and 

their periodical review should be adjusted according to the 

individual need of the patients.

General management
General management of patients with LAM is recommended 

(Table 4). Management should be tailored individually 

depending on the severity, rate of disease progression, 

complications, and social-economical conditions. Through 

the LAM foundation, a network of over 40 LAM clinics has 

been setup in the USA and other countries. Any patients who 

are diagnosed with LAM are recommended to be referred to 

those LAM clinics for assessments and follow-ups. Patient 

groups in different countries and districts also provide valu-

able information and support for patients and families.

Recent advances
Sirolimus: the first effective medication for LAM
Fascinating progress has also been made in the specific 

treatment of LAM. In 2000, TSC2 gene mutations were 

found in LAM.36 Subsequently, the role of TSC1 and 

TSC2 complex in relation to inhibition mechanism of 

mTOR was demonstrated.43 This mechanism resulted in an 
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50% in volume after 12 months of treatment. Analysis of 

eleven LAM patients in this trial revealed encouraging 

results of improvement in lung function. Subsequently, 

a randomized placebo-controlled trial using sirolimus for 

LAM on 89 cases found that sirolimus significantly stabi-

lized the decline of forced expiratory volume in 1 second 

(FEV1).8 After 12 months of treatment, there was an addi-

tional gain of 19±124 mL in FEV1 among the sirolimus 

group compared to a loss of 139±182 mL in the placebo 

group. The biomarker VEGF-D also decreased significantly 

in the treatment group. Since this report, sirolimus is used 

frequently in treating LAM patients.

There are several issues on sirolimus treatment that remain 

to be addressed: 1) when should one initiate sirolimus therapy 

and on what type of patients?; 2) what are the optimal doses?; 3) 

how long should it be used?; and 4) what is the long-term safety 

effect? Theoretically, sirolimus should be prescribed once the 

diagnosis is established. Clinically, patients with reduced lung 

function or loss of lung function,8 chylothorax,45 and AMLs in 

the kidney44 would benefit from sirolimus therapy. For mild or 

asymptomatic patients, whether early treatment of sirolimus 

will improve the prognosis is yet unknown.

The dosage of sirolimus for LAM was quoted from 

recommendations for kidney transplantation, ie, with a 

target trough blood concentration of 5–15 ng/mL. We found 

that trough blood concentration of 5–10 ng/mL is effective in 

stabilizing the lung function (unpublished personal record). 

However, sirolimus at a lower dosage, less than 5 ng/mL, 

has been found to be similarly effective.46 One can therefore 

surmise that the use of a lower dosage should be a reasonable 

approach for long-term therapeutic maintenance. Further 

clinical trials are required to establish an optimal dosage. 

Table 3 Evaluation of severity and timing for patients with LAM

At baseline or  
prior to therapy

Every  
6–12 months

Six months after  
sirolimus therapy

In case of clinical 
worsening

Clinical 
Pulse oximetry 
6MWT 
SGRQ 
PFT

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



ABG 
VEGF-D

 



a 

a

a 

a

a 

a

ECG 
UCG

 



a 

a

b 

b

a 

a

HRCT of chest  c No evaluation is necessary a

CT/MRI of abdomen and pelvis  b b a

Notes: aOptional depending on the clinical requirements; bif abnormal at baseline; cHRCT of chest can be assessed every 12 months or as necessary.
Abbreviations: LAM, lymphangioleiomyomatosis; 6MWT, 6-minute walking test; SGRQ, St George Respiratory Questionnaire; PFT, pulmonary function test; ABG, arterial 
blood gas analysis; VEGF-D, vascular endothelial growth factor-D; ECG, electrocardiogram; UCG, ultrasonic cardiogram; HRCT, high resolution computerized tomography 
scan of the lung; CT, computerized tomography; MRI, magnetic resonance imaging.

Table 4 General recommendations for the management of LAM

Recommendations

Vaccine Influenza and pneumococcal vaccinations 
are recommended

Pregnancy Pregnancy is associated with worsening 
of disease and high risk of developing 
pneumothorax, chylothorax, and 
bleeding from AMLs

Travel Patients can travel safely by air when 
symptoms are mild. Patients should avoid 
air travel in the presence of current 
pneumothorax, or pneumothorax within 
the past one month

Pulmonary rehabilitation Patients are recommended to take part 
in a pulmonary rehabilitation program

Oxygen Oxygen is recommended for those with 
hypoxemia

Pneumothorax Chemical pleurodesis is recommended at 
first onset of pneumothorax to decrease 
the risk of recurrent pneumothorax

Chylothoraxa Fat-free diet supplemented with mid-
chain triglycerides is advised

AMLsa Options include observation, 
embolization, or nephro-sparing surgery

Lung transplantations Should be recommended to patients who 
have severe impairment in lung function 
and exercise capacity reaching the 
NYHA functional class III or IV

Notes: aSirolimus for chylothorax and AMLs is now an option.
Data adapted from ERS, 2010.2

Abbreviations: LAM, lymphangioleiomyomatosis; ERS, European Respiratory 
Society; AML, angiomyolipoma; NYHA, New York Heart Association.

over-activation of mTOR. Sirolimus (an mTOR inhibitor) 

used as an immunosuppressant post kidney transplantation 

was tested in LAM and TSC. In 2008, the effectiveness of 

sirolimus for treating renal AMLs was reported.44 The size 

of AMLs was found to have dramatically shrunk to around 
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The studies also showed that when sirolimus stops, the size 

of AMLs may increase and pulmonary function may worsen 

again.8,44 More clinical trials are needed to ascertain optimal 

doses and treatment duration with sirolimus. The common 

adverse effects are oral ulcers, dyslipidemia, acneiform rash, 

irregular menses, etc.8,47 Patients are advised to stop sirolimus 

temporarily when pulmonary infections happen. For selec-

tive surgery, patients are advised to stop sirolimus 2 weeks 

before surgery as sirolimus may inhibit wound healing. The 

long-term safety is still unknown in LAM patients.

Everolimus, a novel mTOR inhibitor
Everolimus, another mTOR inhibitor, had also been shown 

to be effective in the treatment of kidney AMLs associated 

with TSC or sporadic LAM,48 subependymal giant cell astro-

cytomas associated with TSC,49 and many other presentations 

in TSC such as skin lesions and epilepsy. A recent study 

has reported that everolimus is also effective for treating 

LAM.50 In this open-label study, treatment of everolimus 

for 26 weeks in 24 subjects brought significant increase in 

FEV1 of 114 mL. Thus, everolimus provides an alternative 

option when the use of mTOR inhibitors is considered. 

Future randomized studies are necessary to establish the 

role of everolimus on lung functions for LAM patients. 

A similar safety profile was observed for both everolimus 

and sirolimus.

Other clinical trials in LAM
Doxycycline, a matrix metalloproteinase inhibitor, has 

been tested in LAM following a successful case report.51 In 

another open-label observation when doxycycline was used 

(100 mg/d over a 12-month period), 31 subjects showed mean 

decrease of FEV1 of 70 mL/year. Patients who would benefit 

from doxycycline treatment are those with mild impairment 

of FEV1 and forced vital capacity.52 In a randomized placebo-

controlled trial, 23 LAM patients were given doxycycline 

(100 mg/d, 3 months, then 200 mg/d, 21 months).53 Although 

matrix metallopeptidase 9 in urine was decreased, no benefits 

on lung function were observed. Generally, doxycycline is 

not routinely recommended to LAM patients.

An anti-estrogen strategy was examined in a prospec-

tive study using Triptorelin, a gonadotrophin releasing 

hormone analogue, in eleven premenopausal LAM patients 

for 36 months.54 No beneficial effects were observed. 

Retrospective studies did not show effectiveness of treat-

ing with progesterone and simvastatin or atorvastatin in 

LAM.55,56 As LAM is a disease in women with a high 

number of estrogen receptors and progestogen receptors 

in the lesions, anti-ER, and anti-PR approaches should be 

investigated.35 Letrozole, an aromatase inhibitor, is cur-

rently being investigated in an ongoing clinical trial for 

the treatment of LAM (ClinicalTrials.gov Identifier: NCT 

01353209).

Likewise, several other ongoing clinical trials using 

simvastatin and sirolimus plus hydroxychloquine for the 

treatment of LAM are being undertaken (ClinicalTrials.

gov Identifier: NCT02061397, NCT01687179). These new 

clinical trials reflect the novel understandings regarding 

mechanisms of LAM and the rapid attempt at applying 

knowledge from laboratory to clinical usage.

Conclusion
Amazing achievements have been made in the last 2 decades 

in every aspect in LAM. Serum VEGF-D is now a useful 

component, in combination with HRCT, in diagnosis and 

differential diagnosis of LAM. So far, data from several 

important clinical trials with sirolimus and everolimus in 

LAM and TSC have established a concrete basis for TOR 

inhibitors being used as the treatment of choice in LAM. 

Many other clinical trials are ongoing or in planning. There 

remains a great need for more placebo-controlled trials to 

be conducted to prove the value of a definite therapeutic 

intervention with these drugs. Collaborative effort among 

medical scientists, physicians within a network of global 

LAM clinics, and patients worldwide will facilitate the rapid 

progress of this rare disease efficiently.
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