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What is LAM?

• 1 per million people in the whole population

• 3.4–7.8 per million women

• Almost exclusively in women

• Average age at diagnosis : 35 years-old

Eur Respir J 2006; 27: 1056–65

J Clin Invest. 2012;122:3807–16



What is LAM?

• LAM occurs in two settings

Eur Respir J 2006; 27: 1056–65

J Clin Invest. 2012;122:3807–16

• TSC-LAM: in women who has tuberous sclerosis complex

• Sporadic LAM or S-LAM: in women who do not have TSC

※ 30%~40% of women with tuberous sclerosis complex 

(TSC)

✓ Non-inherited form of LAM

✓ somatic mutations of the TSC2 gene

Clinical Epidemiology 2015;7:249–57



Nature Reviews Nephrology 2018;14:704–16

TSC1TSC2

• Protein translation
• Nucleotide synthesis
• Lipid synthesis

• Invasiveness
• Angiogenesis and 
lymphangiogenesis

*mTORC= mammalian target of rapamycin complex



J Clin Invest. 2012;122:3807–16



Lymphat Res Biol. 2010;8:43-9



Biomolecules 2018,8,1

doi:10.3390/biom8010001



Proc Natl Acad Sci USA. 2013;110:14960-5



N Engl J Med 2006;355:1345-56

LAM 

cells



What is LAM?

• A slowly progressive neoplasm that targets the lung

• the accumulation of LAM cells within the lungs 

and axial lymphatics

• cystic destruction 

• generally progresses to respiratory failure

Eur Respir J 2006; 27: 1056–65

J Clin Invest. 2012;122:3807–16



• median transplant-free survival of approximately 29 years from the onset of symptoms 

• 10-year transplant-free survival of 86%

Lung 2013;191:35–42
J Clin Invest. 2012;122:3807–16



The NHLBI LAM Registry

• N=230(S-LAM 196/TSC-LAM 34) → N=217

• From 1998 to 2001

CHEST 2019; 155:288-296

**pre-sirolimus era for LAM natural history and prognosis

Am J Respir Crit Care Med 2006;173:105–111



CHEST 2019; 155:288-296



TABLE 4 ] Relationship Between Demographic, Clinical, Radiologic, 
and Serologic Characteristics and the Rate of Change of FEV1

*postmenopausal women declining 44 mL/year slower than the premenopausal
CHEST 2019; 155:288-296



Higher baseline lung function was associated with a decreased risk of 
progression to death or lung transplantation

CHEST 2019; 155:288-296



CHEST 2019; 155:288-296



CHEST 2019; 155:288-296



CHEST 2019; 155:288-296
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Clinical Presentation

Data are presented as % (n).

Eur Respir J 2006; 27: 1056–65

At presentation During course of 

disease

Dyspnea 42% 87%

Cough 20% 51%

Chest pain 14% 34%

Hemoptysis 14% 22%

Pneumothorax 43% 65%

Chylothorax 12% 28%



HRCT for LAM

• Lung cysts are the hallmark lesion in LAM and are present 
in all patients

• typically ranging from 2–5 mm in diameter 

• Cyst wall thickness : 2 mm

Eur Respir J 2010; 35: 14–26



HRCT for LAM

• Characteristic-

• Compatible-

• multiple (>10) thin-walled round well-defined air-filled cysts 

• no other significant interstitial lung disease 

• possible features of multifocal micronodular pneumocyte 

hyperplasia(MMPH) in patients with TSC

• only few (2 ~10) cysts

Eur Respir J 2010; 35: 14–26



Diagnosis criteria for LAM

Ther Clin Risk Manag 2014;10:691–700
Eur Respir J 2010; 35: 14–26



Differential diagnosis of diffuse thin-walled 
cystic lung diseases

Abbreviations: LAM, lymphangioleiomyomatosis; PLCH, pulmonary Langerhans’ cell histiocytosis; 

BHD, Birt-Hogg-Dubé syndrome; LIP, lymphoid interstitial pneumonia

Ther Clin Risk Manag 2014;10:691–700



Semin Roentgenol. 2015;50:23-30.

LAM



Semin Roentgenol. 2015;50:23-30.

TSC-LAM



Semin Roentgenol. 2015;50:23-30.

Figure 5 Langerhanscellhistiocytosis.AxialCTimagesina51-year- old female smoker with cough at the level of aortic 
arch(A),above carina(B),and below carina(C) reveal irregular-and polygonal shaped cysts in the lung apices with mixed 
small cysts with cheerio nodules(white arrows—B) and solid nodules(black arrow—C). 

PLCH



Semin Roentgenol. 2015;50:23-30.

LIP



Semin Roentgenol. 2015;50:23-30.

BHD



Semin Roentgenol. 2015;50:23-30.

Cancer



Semin Roentgenol. 2015;50:23-30.

UIPBronchiectasis



Am J Respir Crit Care Med 2015;192:17–29

Algorithm to guide approach to the diagnosis of diffuse cystic lung diseases



Multisystem Disorder

J Clin Invest. 2012;122:3807–16



Figure 1. Clinical manifestations of TSC
EMBO Mol Med 2011;3:189–200



Lancet Oncol 2008;9:73–9

Renal angiomyolipomas

Periungual fibromas Subependymal giant-cell astrocytoma Hypomelanotic macule

Shagreen patch

Figure 2: More symptoms of tuberous sclerosis



CHEST 2010;138:674–681



• High-power view of cystic change with surrounding LAM in the lung.

• LAM cells express the melanocystic antigen, HMB-45, as well as estrogen receptor and the smooth muscle cell 

antigen, smooth muscle actin. 

• An immunohistochemical stain for podoplanin highlights lymphatic channels within cystic lesions and LAM cells 

clusters within the lymphatic lumen
J Clin Invest. 2012;122:3807–16
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ranked using the modified semi-quantitative 

Immunoreactive Remmele Score (IRS)

ANTICANCER RESEARCH 2015;35:3353-3360

HMB-45 progesterone receptor (PR) estrogen receptor(ER)
mini-chromosome maintenance protein 3 

(MCM3) 

β-catenin E-cadherin EGFR podoplanin



Human Pathology 2018;81:121–130



Am J Respir Cell Mol Biol 2018;59:723–732
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Management of LAM

• Unproven Therapies

• Anti-estrogen therapies

• Corticosteroids, immunomodulatory cytotoxic agents or ovarian 
irradiation

• Oophorectomy (removal of the ovaries)

**No randomized controlled trials of progesterone

The LAM Foundation

Eur Respir J 2010; 35: 14–26



• Hormonal treatment included progesterone, GnRh agonists, and chemical 
or surgical oophorectomy at any point in the disease course. 

Log-rank test, p = 0.006

Lung 2013;191:35–42



Management of LAM

• Supportive Measures

• mTOR Inhibitor Therapy

• Pulmonary rehabilitation

• Lung Transplantation

• Oxygen therapy

• RAPAMUNE®  (sirolimus)

Eur Respir J 2010; 35: 14–26

The LAM Foundation

• Bronchodilators

• Afinitor (everolimus)



Table 1 Summary of rapamycin (sirolimus) trials for LAM

Thorax 2018;73:308–310.



Multicenter International Lymphangioleiomyomatosis
(LAM) Efficacy of Sirolimus (MILES) trial

N Engl J Med 2011;364:1595-606

NCT00414648.



Multicenter International Lymphangioleiomyomatosis
(LAM) Efficacy of Sirolimus (MILES) trial

• stabilized lung function 

• reduced serum VEGF-D levels

• reduction in symptoms 

• improvement in quality of life.

N Engl J Med 2011;364:1595-606

NCT00414648.

(**in patients with post-bronchodilator %FEV1 ⩽70% predicted)



Further Analysis of the MILES
cohort

Eur Respir J 2019; 53: 1802066

FIGURE 1. Effect of a) menopause and b) race on forced expiratory volume in 1 s (FEV1) 
response



Further Analysis of the MILES
cohort

Eur Respir J 2019; 53: 1802066

FIGURE 2. Effect of a) menopause and b) race on forced vital capacity (FVC) response



Further Analysis of the MILES
cohort

Eur Respir J 2019; 53: 1802066

FIGURE 3. Effect of a) menopause and b) race on serum vascular endothelial growth 
factor (VEGF)-D response



Further Analysis of the MILES
cohort

Eur Respir J 2019; 53: 1802066

FIGURE 6. Time course of adverse events during the first 12 months of the MILES trial



Thorax 2018;73:369–375
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Multicenter Lymphangioleiomyomatosis
Sirolimus Trial for Safety (MLSTS)

JMA-IIA00096

**patients with normal lung function (FEV1 >70% predicted) and 
physiologically impactful chylous effusions were not excluded

Ann Am Thorac Soc 2016;13:1912–1922



Multicenter Lymphangioleiomyomatosis 

Sirolimus Trial for Safety (MLSTS)
JMA-IIA00096

Ann Am Thorac Soc 2016;13:1912–1922



MLST

S Those with a history of chylothorax had a significant increase 
in FEV1 and FVC

Ann Am Thorac Soc 2016;13:1912–1922



MLST

S
Mean changes from baseline to 12 and 24 months in FEV1 and FVC for the 

patients without a history of chylothorax

Ann Am Thorac Soc 2016;13:1912–1922





Lancet 2013;381: 817–824 

◆ Everolimus reduced angiomyolipoma volume with an acceptable safety profile

EXIST-2



Lancet 2013;381: 817–824 

EXIST-2



Four-year update

EXIST-2

PLoS ONE 2017;12: e0180939.



Four-year update

EXIST-2

PLoS ONE 2017;12: e0180939.



Lung Transplantation

• New York Heart Association (NYHA) functional 
class III or IV with severe impairment in lung 
function and exercise capacity (V’O2max < 50% 
pred, hypoxaemia at rest)

• One, five, and ten-year survival rates after lung 
transplantation are 89%, 67%, and 47%, 
respectively.

Eur Respir J 2010; 35: 14–26

The LAM Foundation





PLoS One. 2016;11:e0146749.

**alter with the use of sirolimus



Single lung transplantation
*Tohoku University Hospital

Surgery Today 2018;48:944–950



Single lung transplantation

Surgery Today 2018;48:944–950

The 5-year survival rate : 79.5%

*Tohoku University Hospital



Future directions in therapy for LAM

J Clin Invest. 2012;122:3807–16



Fig. 3 | Metabolic and molecular changes associated with mTORC1 hyperactivation
in TSC.

Nature Reviews Nephrology 2018;14:704–16



Oncogene 2019;38:3093–3101



Curr Opin Pulm Med 2018, 24:469–476

Table 2. Overview of ongoing clinical trials of lymphangioleiomyomatosis

(RESULT)

(COLA)



LAM Registry

• National Lymphangioleiomyomatosis Registry, France 
(RE-LAM-CE)

• A National Registry on Chinese Patients With 
Lymphangioleiomyomatosis

NCT01484236

• N=200

• Jan.2012~Dec.2020

NCT03193892

• N=800

• Jan.2017~Dec.2020



Take Home Massage

• LAM: rare lung disease

• TSC-LAM: more renal involvement

• HRCT, Lung function test, VEGF-D, Biopsy

• mTOR Inhibitor Therapy



Case 1

• Miss Cheng

• 25 y/o → 37 y/o

• First visit on 2007-08



Case 1

• Chylothorax: Right → Left pleural effusion on 2005-08

• LAM was Dx at Massachusetts General Hospital



Characteristic CT

2007-09-17



Progressive Disease

2014-05-10
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Sirolimus 1mg/day 

2015/9/10

-162 ml/yr

2.32 L

1.10 L



6 mins walking test

Rest 1 min 2 min 3 min 4 min 5 min 6 min End %Distance

2010/07/26 98% 93% 97% 98% 97% 95% 95% 98% 86%

2015/06/15 93% 86% 79% 69% 64% 61% 74% 89% 70%

2015/09/21 96% 90% 86% 79% 79% 80% 83% 92% 64%

O2 4L/min

2017/03/13 97% 92% 84% 81% 77% 69% 73% 95% 85%



Stable Disease

2016-05-12



2007-08-24 2018-04-02



Case 2

• Miss 張

• 24 y/o → 39 y/o

• First visit on 2004/02



Case 2

• LAM was Dx at VGH on 2002

• Progressive dyspnea → Respiratory failure with Home-
BiPAP support



2007-09-17



Chylous ascites
2009-06-15
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Sirolimus 1mg qd→ 1mg qod ………….Side effect: 

Diarrhea
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0.48 L
-36.67 ml/yr

-66.67 ml/yr

1.99 L

1.79 L



Improved Chylous ascites

2009-06-15 2014-12-22


