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Lymphangioleiomyomatosis (LAM) is a rare (orphan) lung disease, in which the lung parenchyma is
progressively replaced by cysts associated with a proliferation of immature smooth muscle cells and
perivascular epithelioid cells (so-called LAM cells) around lymphatic vessels [1, 2]. LAM can be sporadic,
almost exclusively affecting females, or can be associated with tuberous sclerosis complex (TSC) where it
affects 30-50% of adult females, and less frequently males [3—6].

Patients with LAM most commonly present with relapsing pneumothorax and dyspnoea on exertion, and
may have angiomyolipomas (benign tumours) of the kidneys and, occasionally, chylothorax or chylous
ascites. Computed tomography of the chest shows characteristic multiple, round thin-walled cysts evenly
distributed throughout the lung parenchyma [7], possibly associated with pneumothorax, pleural effusion,
lymphadenopathies or lymphangiomas. Over time the disease may progress to chronic obstructive
respiratory failure that may require lung transplantation. Pulmonary hypertension is very rare [8]. Diagnostic
criteria and management guidelines have been proposed by a task force of the European Respiratory Society.
Furthermore, the serum level of vascular endothelial growth factor (VEGF)-D, a major growth factor for
lymphatic vessels, may further contribute to the noninvasive diagnosis of LAM if elevated [9].

For many years, treatment of LAM has been mostly supportive, including bronchodilators, supplemental
oxygen (if needed), management of complications (especially pneumothorax) and lung transplantation.
With a high variability of disease progression [10], many patients with LAM do not need a treatment
intervention, whereas a minority of patients do progress to respiratory failure. In 2000, a major
breakthrough in the understanding of the pathophysiology of the disease led to a novel treatment approach
10 years later [11]. Based on the observation that pulmonary LAM is present in patients with TSC [4], the
group of E.P. Henske identified that LAM cells carry bi-allelic mutations within the TSC2 gene, a tumour
suppressor gene that encodes tuberin [12, 13], with similar mutations being found in LAM cells from the
lung tissue and abnormal smooth muscle cells in angiomyolipomas [12]. TSC2 mutations are responsible
for the constitutive activation of the phosphoinositol-3-kinase/Akt/mammalian target of rapamycin
(mTOR)/S6-kinase pathway (mTORCI1), which in turn enhances the proliferation of LAM cells [14].

This has led to several clinical trials demonstrating a beneficial effect of mTOR inhibitors (sirolimus and
everolimus) in benign tumours associated with TSC, such as angiomyolipomas (also observed in sporadic
LAM) [15, 16] and subependymal giant cell astrocytomas [17-19]. Sirolimus therapy has been demonstrated
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in a placebo-controlled randomised trial to stabilise lung function compared with placebo in 89 patients with
pulmonary LAM (sporadic or associated with TSC) [20]. The safety and efficacy of everolimus, another
mTOR inhibitor with a different pharmacokinetic profile, has been evaluated in an open-label phase II study
(www.clinicaltrials.gov, identifier NCT01059318) that was recently completed in patients with LAM. mTOR
inhibitors also appear effective on chylous effusion [21] and lymphangioleiomyomas [22, 23] in small
observational studies. As they are not currently approved for LAM, their compassionate use should be
restricted to centres expert in LAM. Of note, mTOR inhibitors, which were developed in renal transplantation,
are now used in a wide range of conditions associated with cell proliferation including a variety of cancers
(renal cell carcinoma, neuroendocrine tumours of pancreatic origin and breast cancer), and it is likely that the
experience of clinicians and knowledge about the long-term safety profile will increase greatly in coming years.

However, mTOR inhibitors are not the panacea to treat pulmonary LAM. The benefit of therapy is only
suspensive, and progression of disease resumes following discontinuation of the drug [15, 20]. In vitro,
mTOR inhibitors only partially reverse abnormalities observed in LAM cells, at least in part, due to
mTORCI feedback loops [24]. mTOR inhibitors are responsible for many adverse events (including mouth
ulcers, diarrhoea, nausea, increased blood cholesterol levels, skin rash and swelling of the extremities), most
of which are manageable, yet preclude the long-term use of the drugs in a proportion of patients. A current
approach is to use lower doses of mTOR inhibitors to improve their safety profile [25]; however, the
benefit/risk ratio of lower doses has not been evaluated. Therefore, further investigation is needed to
identify alternative pathways and pathogenic mechanisms involved in LAM and to develop novel therapies.

The origin of LAM cells is unknown [24], but the current hypothesis is that they might originate from the
uterus, where HMB45-positive epithelioid-shaped LAM cells can be found in 90% of the patients by
histological and immunohistological analyses [26]. It is now well established that cells invade the lymphatic
vessels and cell clusters spread to selected distant sites, especially the lung and kidney [24]. LAM cells
(harbouring loss of heterozygosity of the TSC2 locus) can be found in a variety of body fluids including the
blood and lymphatic system [27-29]. LAM cells further induce angiogenesis and lymphangiogenesis, and
exhibit metabolic switch toward aerobic glycolysis [30]. Therefore, LAM is currently considered as a low-
grade metastatic neoplasm [31], a concept that may foster innovation in LAM research [30]. This further
supports the development of alternative approaches to the current use of mTOR inhibitors that mostly
target cell proliferation, with a lesser or no effect on cell adhesion, migration, motility, survival, resistance to
anoikis, and release of pathogenic mediators including proteases.

Matrix metalloproteinases (MMPs), which can degrade extracellular matrix, are produced by LAM cells and
have been implicated in the formation of lung cysts in LAM, especially MMP-1, MMP-2, MMP-9 and
MMP-14, which are elevated in the serum and/or expressed in lung tissue adjacent to cysts [32-35].
Furthermore, MMPs are known to affect cell growth, invasion, inflammation and angiogenesis [36]. These
observations provided a strong rationale for inhibiting MMP activity in LAM patients.

In the current issue of the European Respiratory Journal, CHANG et al. [37] report the results of a
randomised, monocentric, double-blind trial comparing the MMP inhibitor doxycycline with placebo on
the progression of LAM over 2 years in patients with moderately severe disease. Doxycycline, a tetracycline
antibiotic, is the only licensed drug that exhibits inhibition of MMP-1, MMP-2 and MMP-9 [38] which are
implicated in LAM and, thus, prompted the choice of doxycycline for this trial. In addition, some
suggestion for a benefit of doxycycline in LAM had come from a previous case report and observational
studies [39-41]. Difficulties were experienced for patient inclusion and retention in the trial [37], therefore
decreasing the power of the study. However, 23 patients were randomised; 17 completed 1 year of treatment
and 15 completed 2 years of treatment. No significant difference was observed between the doxycycline and
placebo arms in the mean decline in forced expiratory volume in 1 s, the primary end-point of the study.
No effect was observed on any of the secondary end-points (vital capacity, gas transfer, shuttle walk distance
and quality of life), although inhibition of MMP production by doxycycline therapy was confirmed by
lower levels of active MMP-9 measurements in urine (serum levels of MMP-2 and MMP-9 were
unchanged). Doxycycline was generally well tolerated.

Although the trial is negative, the authors should be commended for conducting such a challenging study in
a very rare condition, as it is only the second randomised trial conducted to date in patients with LAM (the
first being on sirolimus [20]), and for exploring pathways other than mTOR in LAM treatment. Even if
negative, a study that addresses a relevant hypothesis, such as the present one, is useful for patients and their
physicians. Of course one may question whether similar results would have been obtained had the study
reached complete enrolment with better balance in the severity of lung function impairment [40], or had
been conducted in a population of LAM patients with greater severity, more rapid decline in lung function,
and/or with a higher proportion of pre-menopausal patients (who admittedly have more progressive
disease). Given the absence of any signal on end-points, this study does provide sufficient evidence that
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doxycycline, a drug that has been taken off-label by many LAM patients, should no longer be used in LAM.
The results by CHANG et al. [37] also remind us that observations in case reports or observational studies
may not be confirmed in randomised trials. Excluding therapies from our practice that are now
demonstrated to be ineffective (such as progesterone derivatives or more invasive hormonal interventions in
LAM [1, 42, 43], or immunosuppressive therapy in idiopathic pulmonary fibrosis [44]), significantly
contributes to improving patient management.

This study illustrates the typical challenges of conducting studies in rare diseases [45-47]. Inclusion was
limited by the rarity of the disease, the need for patients to travel to the expert centre, and by a large proportion
of the patients already receiving doxycycline or mTOR inhibitors. Some patients dropped out the study later
to opt for an mTOR inhibitor, or could not be analysed due to pneumothorax [37]. Some of these difficulties
were shared by previous studies conducted in this and other rare diseases. LAM research is currently very
active, with several clinical trials ongoing or in preparation using aromatase inhibitors or the agent fulvestrant
(which targets the oestrogen receptor-o. [30, 48, 49]), targeting autophagy [50] or using simvastatin in
combination with sirolimus [51, 52]. VEGF-D [53], or its receptor VEGFR-3, Rheb [30], integrins, efc., may
also represent effective targets for therapy. In fact, there are now more potential treatment targets than can be
practically tested given the very low prevalence of the disease and available resources.

As with previous trials in LAM [45], the study would not have been possible without the active involvement
of patient associations, and the interaction of investigators with patients (some of whom are becoming
expert patients) and patient associations [46]. What might particularly reflect patients’ preferences in
research is the presence of quality of life as an end-point in LAM studies [20, 37]. Patient-reported outcome
is increasingly being measured in clinical trials and registries [54], reflecting the aim of investigators and
regulators to consider patients’ symptoms and well-being as part of the management goal.
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