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Objective:  Lymphangioleiomyomatosis (LAM) is a rare systemic disease of 
young women arising from mutations in the tuberous sclerosis complex (TSC) 
genes, TSC1 or TSC2. This disrupts the mammalian target of rapamycin (mTOR) 
pathway, affecting cellular proliferation and growth. mTOR inhibitors are a 
promising novel therapy in LAM. The mTOR inhibitor sirolimus is reported to 
produce resolution of lymphatic abnormalities in LAM, but the efficiacy of the 
mTOR inhibitor everolimus has not been assessed. We aimed to examine the 
efficacy of everolimus on lymphatic abnormalities in LAM.

Design, setting and participants:  Open-label treatment of five patients with 
sporadic LAM (sLAM) and abdominopelvic and lung involvement at the 
outpatient LAM clinic of a tertiary city teaching hospital. Clinical data were 
collected during treatment of the women and included regular clinical reviews, 
everolimus levels, lung function and computed tomography assessment before 
and after 6 months of everolimus treatment.

Main outcome measures:  Symptoms and level of resolution of 
lymphangioleiomyomas.

Results:  All five women experienced significant shrinkage or complete 
resolution of the lymphangioleiomyomas during treatment. In one woman, 
cessation of everolimus resulted in recurrence of symptoms. Adverse events 
were compatible with the known side-effect profile of everolimus, but overall 
the drug was well tolerated.

Conclusions:  This is the first report to suggest that everolimus has efficacy in 
the treatment of lymphangioleiomyoma and chylous ascites in sLAM.
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M) is a rare genetic disease
ecting women of childbearing

ay occur either as sporadic
LAM (sLAM), or in association with
tuberous sclerosis complex (TSC)
(TSC–LAM).1 Although LAM is clas-
sically characterised by progressive,
cystic destruction of the lung paren-
chyma, it also has extrapulmonary
manifestations including chylous col-
lections (in the abdomen and pleura),
lymphadenopathy, benign tumours of
th e kidney  ( ang iomyolipomas
[AMLs]), and abdominopelvic cystic
masses (lymphangioleiomyomas).1-4

In LAM, abnormal cells of smooth
muscle lineage infiltrate the lungs
and lymphatic system, and circulate
through the blood.2 This has resulted
in the characterisation of LAM as a
benign metastatic tumour by some
researchers. Accumulation of these
cells in the lymphatic ducts results in
obstruction and consequently chy-
lous ascites and pleural effusions,
and may also underlie the formation
of lymphangioleiomyomas. The ori-
gin of the LAM cells is unknown.
Predicting a prognosis for patients is
difficult, but a 10-year survival from
time of diagnosis has been estimated
at about 80%–90%.5

The genetic mutation in women
with LAM lies in one of two function-
ally related genes: the TSC1 gene
(coding for hamartin on chromosome
9q34) or the TSC2 gene (coding for
tuberin on chromosome 16p13). A
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and lymphangiogenesis.1,2 Accord-
ingly, there has been much recent
interest in mTOR inhibitors as poten-
tial therapeutic agents in TSC and
LAM.

One recent randomised controlled
trial has confirmed that the mTOR

inhibitor sirolimus is effective in sta-
bilising decline in lung function in
LAM.3 Sirolimus has also been asso-
ciated with shrinkage of lymph-
angio le iomyomas and  chylous
effusions, in case reports6,7 and in
one longitudinal series,8 as well as
with shrinkage of renal AMLs.9,10

Temsirolimus has been linked to
shrinkage of abdominal tumours in a
single case report.11 The mTOR
inhibitor everolimus has been associ-
ated with reductions in the size of
giant cell astrocytomas and seizure
frequency in patients with TSC,12 and
has recently been accepted by the
United States  Food and Drug
Administration (FDA) for treatment
of renal AMLs in TSC.13 Everolimus
has not been reported in the treat-
ment of lymphangioleiomyomas or
chylous ascites.

We describe a series of five women
with sLAM, all of whom had clini-
cally significant lymphangioleiomyo-
mas. All five women had a dramatic
shrinkage and, in some cases, resolu-
tion of their tumours during therapy
with everolimus.

Methods

Patients

Five women (mean age, 35.2 years)
with clinically significant abdominal
lymphangioleiomyoma, with or with-
out chylous ascites, were treated with
everolimus at St Vincent’s Hospital,
Sydney, where a LAM clinic is estab-
lished. The two women treated at the
LAM clinic were prospectively studied
according to a standardised protocol,
while the three women seen as private
patients are reported retrospectively.
All five women had a histopathologi-
cally confirmed diagnosis of sLAM,
according to European Respiratory
Society guideline criteria.2 All women
gave written, informed consent to
publication of this case series. Treat-
ment of the women at the LAM clinic
was approved by the St Vincent’s Hos-
pital Drug Committee, and the
everolimus therapy was funded by the
hospital at an estimated cost of about
$10 000 per patient per year.

Clinical features of the participating
women are shown in Box 1. All women
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1 Characteristics of 

Characteristic

Age (years)

Smoking history

Comorbidities

Presentation

Lymphangioleiomyom
size at presentation* 

Lymphangioleiomyom
size after 6 months’ 
everolimus treatment

Treatment of abdomin
LAM prior to everolimu

Adverse events while 
being treated

CT = computed tomogra
had lung involvement with varying
severity. Three of the women had been
treated for abdominal LAM before
everolimus therapy, without success.

Everolimus treatment

Patients were treated with twice daily
everolimus at a starting dose of 0.5 mg
twice daily or 0.75 mg twice daily.
Serum everolimus levels were moni-
tored and the dose was titrated to
maintain target serum concentrations
of 2–4g/L, which is the low end of the
therapeutic range used for lung trans-
plantation (3–8g/L). Data collected
included lung function at baseline and
at 6 months, serial abdominopelvic
imaging and regular blood monitoring,
including liver function tests and blood
lipid levels. Patients were seen initially
after the first 2 weeks, then at 1 month,
3 months and 6 months unless side
effects determined more frequent
review. At each review, patients were
monitored for adverse effects by clinical
examination and blood tests, including
everolimus levels. Lung function test-
ing was repeated at 2 months and 6
months, and computed tomography
scans were repeated at 6 months. All
patients currently continue with
everolimus therapy.

Results

Abdominal lymphangioleiomyomas 
and chylous ascites

All five patients had significant
abdominal lymphangioleiomyomas at

baseline, the largest of these measur-
ing 17.5 cm at its maximum dimen-
sion (Box 1 and Box 2). Two patients
had chylous ascites at baseline. Six
months after initiation of everolimus,
four of the five participants had expe-
rienced significant shrinkage or com-
plete resolution of their lymph-
angioleiomyomas, and of the chylous
ascites (where applicable). One
woman experienced clinical resolu-
tion of her abdominal pain and dis-
tension but did not have confirmatory
follow-up imaging due to financial
constraints. In one woman, temporary
cessation of everolimus resulted in
recurrence of abdominal distension,
requiring reinstitution of therapy.

Lung function

Lung function was abnormal in all
five patients at presentation. There
was no significant change in any lung
function parameter over the treat-
ment period, whereas a decline would
possibly have been expected. How-
ever, no patient had severe lung
involvement, one had a chylothorax at
presentation and the overall number
of patients was very small. Interpreta-
tion of these results is difficult because
of the small number of patients. In the
patient with chylothorax, complete
resolution occurred.

Adverse events

The commonest adverse events were
buccal ulcers and respiratory tract
infections, which are consistent with

the known side effects of everolimus.
The most severe adverse event that
ocurred during treatment was in
Patient 1, who developed appendicitis
which required appendicectomy. All
women continued to menstruate
throughout treatment, but Patient 5
had a new onset of heavy vaginal
bleeding, which was investigated
urgently in view of the fact that she
was perimenopausal and everolimus
treatment has been previously
described as being associated with
amenorrhoea. The patient was diag-
nosed with Stage 1 endometrial carci-
noma, and was successfully treated
with hysterectomy. Adverse events
experienced by the participants are
summarised in Box 1.

Discussion

Although LAM frequently presents
with respiratory symptoms, abdomi-
nal involvement occurs in up to 70%
of cases,14 with abdominal lymph-
angioleiomyomas in 16% of cases.2

Women may present with abdominal
pain and swelling, and refractory chy-
lous ascites, or with non-specific signs
such as infertility or perimenstrual
abdominal discomfort.4 Treatment is
generally unsatisfactory, with medical
therapies ineffective, and repeated
abdominocentesis resulting in fluid
reaccumulation, protein loss and
potential infection.

The use of mTOR therapy in LAM
is a targeted approach to an abnor-

patients with sporadic lymphangioleiomyomatosis treated with everolimus

Patient 1 Patient 2  Patient 3 Patient 4  Patient 5

25 36 29 33 53

Never smoked 10 pack-years, 
quit at 36 years

Never smoked Never smoked “Social” smoker 
(< 1 pack-year)

Uterine fibroids, endometrial polyp, 
bilateral breast fibroadenomata, 
phyllodes tumour 
(right breast)

Childhood asthma Polycystic ovary 
syndrome, depression

None Childhood asthma, 
uterine fibroids

Recurrent bilateral pneumothoraces Abdominal pain and 
distension

Incidental abdominal 
mass

Infertility, abdominal 
distension

Recurrent bilateral 
pneumothoraces

a 8.3 cm 4.3 cm  17.5 cm 3 cm  1 cm 
(coronal view)

9 cm 3.5 cm 
(sagittal view)

5.1 cm 2.3 cm 
(axial view)

3.1 cm  10 cm 
(axial view)

a 

*

Undetectable Virtually 
undetectable

Clinical resolution 3.7 cm  1.8 cm 
(axial view)

Undetectable

al 
s

None Radiotherapy, 
doxycycline

Surgical excision, 
abdomino-centesis

Doxycycline None

URTI, influenza A, 
ear pain, acute appendicitis

Nausea, upper 
respiratory tract 
infection

Acne exacerbation Buccal ulcer, sciatica, 
transaminitis, 
lymphopenia, myalgia

Buccal ulcers, diarrhoea, 
vaginal bleeding 
diagnosed as endometrial 
carcinoma

phy. LAM = lymphangioleiomyomatosis. URTI = upper respiratory tract infection. * Measured using CT. ◆
2) · 22 July 2013
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mality arising from a genetic mutation
affecting multiple systems. The 2011
MILES trial showed that treatment
with sirolimus in LAM was associated
with a slower decline in lung function,
improvement in quality of life and
shrinkage of renal AMLs, but abdom-
inal LAM was not the focus of that
trial.3 To date, single-case reports and
one observational series have docu-
mented regression of abdominal
lymphangioleiomyomas with sirolimus
or temsirolimus treatment,6-9,11 but
there are no reports on everolimus.
Our case series suggests that the effi-
cacy of mTOR inhibitors extends to
everolimus, and that this has good
effect on abdominal LAM, which has
been very difficult to treat in the past.
Previous studies have shown that
mTOR inhibitor treatment needs to
be continued in TSC, but longitudinal
data in LAM are limited.3,7 This is the
first study to report everolimus treat-
ment for LAM for several years, with
all f ive women continuing on
everolimus therapy. This is significant
because the efficacy of mTOR inhibi-
tors appears to rely on sustained ther-
apy.3,11

Everolimus is a derivative of
sirolimus and has a very similar side-
effect profile. It has a shorter elimina-

tion half-life (about 30 hours) and
greater relative bioavailability, com-
pared with sirolimus.15 We used a
lower dose of everolimus than the
dose of sirolimus that was used in the
MILES trial. The everolimus dose we
used was consistent with the lower
range  of  doses  used in lung
transplantation in our centre, with the
aim of producing fewer side effects.
Overall, everolimus was well tolerated
and side effects, although significant,
were within its described profile.

In summary, all women with sLAM
showed a good response to treatment,
with disappearance or shrinkage of
abdominal lymphangioleiomyomas in
four of five of cases, and clinical res-
olution of the lymphangioleiomyoma
in the fifth. Abdominal symptoms
resolved. Cessation of the therapy in
one patient resulted in recurrence of
ascites, and reinstitution of treatment
resulted in resolution again. This is
similar to the MILES trial, in which
continued treatment was required.3

We suggest that everolimus treatment
may be an effective long-term therapy
for lymphangioleiomyomas and chy-
lous ascites, which requires further
evaluation in an appropriately
designed controlled trial.
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