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Why do 200 of the worlds best scientists 

cross the globe for a meeting about two 

very rare disorders?

There is a pervasive optimism that this problem 

is scientifically tractable and potentially solvable 

in our lifetimes



Patients organize

Engage, motivate scientists

Engage NIH

Gene

Protein

Pathway

Preclinical studies

Pilot trial

Pivotal trial

Effective therapy

TARGET

Fund research

Volunteer for trials

LAM Roadmap



Compared to other diseases that scar 

the lung, LAM has several assets

ÅWe understand a lot about the cause of LAM

ÅWe have many ideas for drugs to test based 
on sound science

ÅLAM science is moving as quickly as any in 
pulmonary medicine

ÅWe have a motivated, intelligent, organized 
patient population 



State of the science for 

sarcoidosis compared to LAM

Cause 

known?

Effective

therapy?

Molecular

targets

for trials?

Diagnostic 

biomarker

Sarcoid no no few no

LAM yes yes many yes



LAM

Accumulated Assets

ÅOur organized, motivated patient community

Å Our rich understanding of the molecular basis of LAM

ÅNetworks of expert centers
ïFor Clinical care

ïFor Research
ÅRegistry

ÅTissue bank

ÅData center

ÅAn effective suppressive therapy

ÅA useful diagnostic, predictive and prognostic biomarker
Å Invaluable partnerships 
Å with the TSC community

Å the National Heart, Lung, Blood Institute and UK NHS

Å among international LAM communities

Åspecially Japan, US and UK



Finding treatments for LAM

Carefully conducted clinical trials are 

the fastest and safest way to find 

treatments that work in people and 

ways to improve health. 



Examples of diseases that can be 

controlled and sometimes cured 

because clinical trials were done 

properly

ÅAIDS

ÅLeukemias

ÅLymphomas

ÅHepatitis

ÅBreast cancer



Bottom line on the importance 

of human trials in LAM

There simply is no ideal animal model for 

LAM, and human studies are the only way to 

be sure that ideas from the laboratory are 

sound



But



Clinical trials

ÅClinical trials often pose risk



What LAM patients have earned through 

participation in trials and studies so far

ÅThe genetic cause of LAM

ÅAn effective suppressive treatment

ÅA diagnostic blood test (VEGF-D)

ÅA blood test that predicts benefit of therapy (VEGF-D)

ÅA sound approach to management of pneumothorax

ÅThe utility of HRCT and transbronchial biopsy in the 

diagnosis of LAM

ÅProtection from ineffective treatments with doxycycline 

and progesterone

ÅSafety information for hydroxychloroquine,  letrozole, 

and (soon) statins in preparation for larger trials



What do we need from future trials and 

studies 

ÅRemission inducing therapies

ÅRefining our approach to sirolimus therpay

ÅBetter diagnostic tests

ÅTests for personalizing therapy

ÅWays to predict progression and response

ÅWays to measure total body LAM cell burden

ÅWhere LAM cells comes from

ÅWhy women are selectively affected



LAM is the simplest, most decipherable 
neoplasm in all of creation

ÅMost cancer cells have dozens of DNA mistakes that 
enable them to: 
ïdisregard all the rules

ïgrow beyond their boundaries 

ïdestroy remote tissues

ÅLAM cells acquire cancer-like capabilities with a 
single DNA mistake

ÅBecause its so simple, the study of LAM provides 
ƛƴǎƛƎƘǘ ƛƴǘƻ ŎŀƴŎŜǊΩǎ !ŎƘƛƭƭŜǎ ƘŜŜƭ



The study of LAM is rewriting 
biochemistry textbooks





Trials
ÅCompleted trials
ïMILES sirolimus mTORpathway
ïRADx2201 everolimus mTORpathway
ïDoxycycline doxycycline Matrix remodeling
ïThe SAIL Trial  hydroxychloroquine autophagy
ïThe TRAIL Trial letrozole estrogen axis
ïMSTLS trial sirolimus mTORpathway

ÅOpen trials
ïThe SOS Trial simvastatin apoptosis
ïThe SLAM Trial saracatanib EMT/autophagy
ïMIDAS sirolimus observation
ïCox2 Celecoxib apoptosis

Å Pending trials
ïMILED sirolimus mTORpathway
ïInhaled rapa sirolimus mTORpathwy
ïImatanibtrial Gleevec+ sirolimus apoptosis
ïRESULT resveratrol + sirolimus apoptosis



Exciting emerging basic LAM directions

ÅImmune targeting of LAM

ïPD-1/PD-L1 inhibitors

ÅTargeting metabolic vulnerabilities

ïpurine analogues, drugs that affect sirol



Other ideas for upcoming trials

Åmizorbine, methotrexate, mycophenylate

ÅKaytruda and other immune checkpoint 
inhibitors

Åanti-VEGFR3, anti-VEGF-D, axitinib, pazopanib

Åmetformin

Åanti-estrogen therapies



How do I know if my LAM is going to 
progress?

ÅThe best indicator is the way it has behaved before
ïFEV1 decline
ÅFast-200 cc/year

ÅTypical-70-100 cc/year

ÅSlow-30-40 cc/year

ÅMenopausal status has a big effect 
ïPremenopausal-faster (200 cc FEV1 loss/year)

ïPostmenopausal-slower (40 cc FEV1 loss/year)

ÅVEGF-D level
ïHigher level, faster decline 

ïHigher level, better treatment response



Lung function measures, imperfect as 
they may be, are far and away our best 
current biomarker. Its important not to 

overreact to a single down value
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How are we currently using sirolimus?

ÅWe treat

ïPatients with abnormal lung function.

ÅFEV1 or DLCO< 70% predicted

ïPatients who are declining rapidly and 
approaching the abnormal range

ÅEven when lung function is still normal

ïPatients with problematic effusions or other 
lymphatic complications



What dose of sirolimusare we using?

ÅBecause sirolimus is taken for long periods, 
and has side effect, we must strive to find the 
lowest effective dose 

Å1 mg per day keeps most of my patients stable

ïbut not all--need to check FEV1 frequently to 
verify stability

ÅIn my opinion, low dose sirolimus appears to 
be very safe.



What I tell new LAM patients

ÅThere is every reason to be optimistic

ïWe have an effective therapy

ïSirolimus effectively suppresses LAM in the same 
way as blood pressure medicine suppresses 
hypertension or statins suppress cholesterol

ÅLǘ ƛǎ ΨŜŦŦŜŎǘƛǾŜΩ ƴƻǘ ΨǇŀǊǘƛŀƭƭȅ ŜŦŦŜŎǘƛǾŜΩ

ïThe best scientists in the world are interested in 
the LAM pathway and rate of progress is 
astounding



For Andrea Slattery, sirolimus 
stopped the decline in lung function
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What to do when sirolimus
does not seem to be working?

ÅConsider alternative explanations (drug interactions, 
asthma)

ÅConsider increasing the dose
ÅConsider enrolling in trials  
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VEGF-D testing can save people from 
need for biopsy and 

ÅTo make the diagnosis in patients who have 
typical lung cysts but no other clues

ïWorks more than 50% of the time

ÅAs one tool for decision-making about when 
to start treatment

https://research.cchmc.org/translationalcores/ttdsl



How do we hope to be able to use VEGF-D 
and other biomarkers in the future?

ÅTo dose sirolimus properly

ÅTo get an early idea of whether sirolimus will 
work well in a given individual

ÅTo make trials faster



²ƘŀǘΩǎ bŜȄǘΚ
We need a way to image and estimate 

the total body burden of LAM cells



NHLBI Registry

Å243 patients enrolled in NHLBI Registry between 
8/98 and and 10/01 followed every 6-12 months 
for 5 years at six centers
ïCCF, NIH, NJH, NEMC, Stanford, Mayo

ÅTwo papers published
ïRyuJ et al. NHLBI Registry-Characteristics at 

Enrollment AJRCCM 2006. 173; 105-111

ïMaurer JR. Lung transplantation in LAM-Baseline data 
from NHLBI Registry-J Heart Lung Transplant 2007, 26; 
1293-9.

ÅLongitudinal paper never published 



NHLBI Registry Longitudinal 
Study 

ÅNHLBI transferred all data and 
samples to National Disease 
Research Interchange (NDRI) where it 
is publicly available

ÅNishantobtained all NHLBI clinical 
data on 250 patients and 435 NDRI 
serum samples

ÅNishantsubmitted social security 
numbers to the CDC National Death 
Index (NDI) and the United Network 
for Organ Sharing (UNOS) to obtain 
death/transplant status 

Nishant Gupta, MD

Masterôs Thesis



Linking NHLBI Registry data to 
death/transplant outcomes 
ÅIn the 15 year interval since the last of 240 

Registry patients was enrolled there have 
been 
ï53 transplants

ï43 deaths (including 15 post transplant)

ÅWith such a large number of events, we 
should be able correlate many disease 
features with outcomes of death/transplant
ïMenopausal status

ïBaseline FEV1, DLCO

ïRate of decline in FEV1, DLCO

ïVEGF-D

ïYour favorite biomarker



With the NDRI/NDI/UNOS data, we will be able 
to develop a LAM Risk Score Calculator



Priorities for mTOR inhibitors

ïRefine the approach to use of mTORinhibitors
ÅProvide access to drug for all
ïRegulatory approval around the world, PMDA, FDA and beyond

ÅPersonalize dosing
ïDetermine the lowest effective dose for each individual

ÅDetermine if early treatment prevents progression

ÅDetermine if the drug can be safely given over long 
periods

ÅFind markers that allow us to determine who will progress 
and who will respond




