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Abstract

What are the clinical features, severity, and rate of progression of lung disease in women with
tuberous sclerosis and lymphangioleiomyomatosis and how do they differ from patients with
sporadic lymphangioleiomyomatosis?

Data from 94 tuberous sclerosis and lymphangioleiomyomatosis and 460

sporadic lymphangioleiomyomatosis women were compared. Forty tuberous sclerosis/
lymphangioleiomyomatosis and 40 sporadic lymphangioleiomyomatosis patients were age- and
lung function-matched, and changes in volume occupied by cysts (cyst score) and pulmonary
function occurring over 6.5 years were evaluated.

Tuberous sclerosis/lymphangioleiomyomatosis patients had better lung function than

sporadic lymphangioleiomyomatosis patients, but no difference was observed from sporadic
lymphangioleiomyomatosis patients in yearly rates of change in FEVq (-1.9+£2.7 vs. —1.9+1.9
% predicted, p=0.302), DLco (-2.1+2.8 vs. —1.9+2.7 % predicted, p=0.282), or cyst scores
(+1.0£1.3 vs. +1.4+1.7 %, p=0.213). However, the proportion of patients with abnormal lung
function and higher rates of FEV decline was greater in sporadic lymphangioleiomyomatosis.
Some young tuberous sclerosis/lymphangioleiomyomatosis patients (mean age=25.7 £ 3 years)
progressed rapidly from minimal to severe lung disease.

Tuberous sclerosis/lymphangioleiomyomatosis patients may experience abrupt declines in lung
function. Consequently, women with tuberous sclerosis found to have lung cysts should undergo
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periodic functional and radiologic testing to follow disease progression and determine need for

therapy.

Summary

While the natural history is variable, some women with TSC and LAM may quickly progress to
disabling respiratory disease.

Keywords

Lymphangioleiomyomatosis in Tuberous Sclerosis Complex

INTRODUCTION

Lymphangioleiomyomatosis (LAM), a multisystem disease affecting predominantly women,
is characterized by cystic lung destruction, abdominal angiomyolipomas, lymphatic tumors,
and chylous effusions [1-3]. The pathological features of LAM are caused by proliferation
of a neoplastic smooth muscle-like LAM cell that has characteristics of both smooth muscle
cells and melanocytes [1,4]. An inherited form of LAM occurs in patients with tuberous
sclerosis complex (TSC), an autosomal dominant disorder which occurs in one of 6,000 live
births and is caused by mutations in the tuberous sclerosis complex 1 (7SCI) or 2 (7SC2)
genes [5-6]. A second form, sporadic LAM, is an uncommon disease affecting 3 to 5 per
million of women in the general population, and is caused by mutations of the 75C2gene
[5,7-9]. Loss of heterozygosity of 75CZ2has been reported in LAM lesions from lung and
kidney angiomyolipomas, and LAM cells isolated from lung, blood, and chyle [5,8,10-12].
The metastatic nature of LAM is supported by the presence of identical mutations in lung
and kidney lesions, and evidence of de-novo invasion of transplanted donor’s lungs by the
recipient LAM cells, suggesting migration from the kidney, lymphatic system or uterus, to
the lungs [13-15].

The prevalence of clinically significant LAM in TSC was thought to be low, ranging from
0.6 to 2.3 % of TSC patients [16-19]. Subsequent cross-sectional studies however, showed
that the prevalence of lung cysts in women with TSC ranged from 26 to 49 % and that the
extent of cystic disease increases with age [20-25]. Clinically significant cystic disease is
almost exclusively seen in women.

Although the clinical and physiologic features of sporadic LAM have been described, there
are large gaps in our knowledge of the natural history of TSC-LAM, especially whether
the prognosis of TSC-LAM is similar to that of sporadic LAM and whether a few lung
cysts on a computed tomography scan of a woman with TSC and normal lung function
may progress to clinically significant lung disease [1,26,27]. We also wanted to determine
whether the rates of change in lung function and lung volume occupied by cysts [28] in
patients with TSC-LAM were different from those with sporadic LAM. To answer these
questions, we reviewed the clinical and physiologic characteristics and high resolution
computed tomography (HRCT) scans, of TSC-LAM patients seen at the NIH Clinical
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Research Center over a period of 16 years and compared their features with those of patients
with sporadic LAM.

MATERIAL and METHODS

Patient population.

Between 1996 and 2012, 637 women were referred to NIH for participation in a natural
history and pathogenesis protocol (NHLBI Protocol 95-H-0186), and a lung disease
screening protocol (NHLBI Protocol 82-H-0032) which were approved by the Institutional
Review Board of the National Heart, Lung, and Blood Institute. Patients were either
self-referred or referred through individual physicians. All subjects gave written informed
consent before enrollment. Of the 637 patients, 554 had LAM. History and physical
examination, laboratory tests, and pulmonary function tests were obtained at the time of
each visit. Cardiopulmonary exercise tests, computed tomography (CT) scans of the thorax
and abdomen, and magnetic resonance imaging of the brain were obtained once a year. Data
from some of these patients have been reported previously [1,26,29].

Pulmonary function testing.

Lung function was measured (Master Screen PFT, Erich Jaeger; Wuerzburg, Germany
system) according to standard methods [30,31].

Cardiopulmonary exercise testing.

Patients exercised on a bicycle ergometer and a computerized metabolic cart (Vmax 229
Cardiopulmonary Exercise System; Sensormedics, Yorba Linda, CA) using incremental
protocols [32].

Radiologic Methods.

Forty TSC-LAM patients were selected based on the suitability of CT scan studies for a
computer analysis that estimates the volume of lung occupied by cysts (cyst scores) and
lung texture changes in areas adjacent to cysts [28]. Once this was accomplished, from the
sporadic LAM cohort we selected patients who not only had suitable CT scans for analysis
but also matched each TSC-LAM patient by age, lung function and follow-up time. Then,
we estimated their cyst scores, rate of progression of cystic lesions, and rates of decline in
lung function.

Statistical Methods.

For comparisons of demographic data, lung function, and exercise tests between TSC-LAM
and sporadic LAM patients, Student’s t test was employed. The data set contained clinical
data and multiple pulmonary function and exercise measurements for most patients. The
yearly rate of change (slope) was calculated from a linear regression for pulmonary function
and exercise data [26], and an adjusted analysis was then performed using mixed effects
models. All available data were used to compare TSC-LAM and sporadic LAM patients
using a t-test for continuous variables and a chi-squared test for categorical variables. A
binary outcome of whether a subject had TSC-LAM or sporadic LAM was compared
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to predictor variables such as age, time of first symptom, length of follow-up, dyspnea,
hemoptysis, lymphatic system involvement, angiomyolipomas, pulmonary function tests and
variables related to cardiopulmonary exercise tests. Variables that resulted in p-values of
less than 0.15 were used in a multivariate logistic regression model to predict factors that
were associated with TSC-LAM. The level of statistical significance was set at p<0.05 for
variables to remain in the final model. The odds ratios (OR) and their 95% confidence
intervals were also derived. For comparison of proportions of TSC and TSC-LAM patients
with lung function abnormalities we employed the Chi-square test. The Wilcoxon-Mann-
Whitney test was used to compare the proportions of rates of lung function decline between
TSC and sporadic LAM patients. Analysis of variance and the Tukey/Kramer procedure was
employed to compare initial and final cyst scores for both TSC-LAM and sporadic LAM
patients.

All data, except the estimated yearly rate of change in lung function and cyst scores, are
shown as means (xSD).

Patient characteristics.

Of 554 patients with LAM, 94 had TSC-LAM and 460 had sporadic LAM (Figure

1). Demographic features of the 94 patients with TSC-LAM are shown on the online
supplement Table 1S. Sixty-one of the 94 patients were diagnosed with TSC (mean
age=18.3+14.7 years) before being diagnosed with LAM (mean age=36x10 years). In 26
patients, the diagnosis of TSC (mean age=41.6 £10.6 years) was made after the diagnosis of
LAM; fourteen of the 26 had a lung biopsy. The mean age at the time of the diagnosis of
LAM was 37+10.4 years. Twenty two of the 26 patients were diagnosed with TSC at NIH.
In seven of the 94 patients the diagnosis of TSC and LAM were made at the same time
(mean age=37.4+12 years). The diagnosis of TSC was based on the presence of at least two
major criteria or one major and one or more minor features [6].

Thirty-eight of the 94 patients were brought to NIH under a screening protocol for TSC
and were subsequently found to have LAM. Five of these patients had lung biopsies; the
remaining patients were diagnosed by CT scan. All but seven patients, had respiratory
symptoms. The remaining 56 patients were brought in because of cystic lung disease and
TSC or cystic lung disease and no prior diagnosis of TSC. Twenty-five of the 56 underwent
tissue biopsies; the remaining 31 were diagnosed by CT scan [33]. Seven of the 56 patients
referred no respiratory symptoms.

Table 1 shows age of first LAM-related symptoms, age of diagnosis and enrollment in our
study, method of diagnosis, mode of presentation and other features, for the 554 patients.
In 37 TSC-LAM patients the diagnosis of LAM was made by tissue biopsy, and in the
remaining 57, by the presence of lung cysts and angiomyolipomas in the setting of TSC
[33]. Of the 460 sporadic LAM patients, 308 were diagnosed by tissue biopsy and the
remaining 152 were diagnosed by clinical and radiologic criteria [33].
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Pulmonary function studies.

Initial pulmonary function data for TSC-LAM and sporadic LAM patients are shown on
Figure 2, panel A, and in the online supplement, Table S2. Thirty three percent (n=31) of the
TSC-LAM patients had airflow obstruction (Table 3). Overall, 40 percent (n=38) of the 94
patients had abnormal DL¢q. Forty three percent (n=40) had normal lung function.

Data for an average follow-up of 5.1+3 years were available for respectively, 73 LAM-
TSC and 319 sporadic LAM patients (Figure 1) (initial data given in Table S3, online
supplemental data). Although FEV and DL were significantly higher in TSC-LAM
patients than sporadic LAM patients, no statistically significant differences were observed
between the two groups in rates of decline of any of the respiratory variables (Figure 2,
panel B). The yearly rates of decline in percent-predicted FEV4 for TSC-LAM and sporadic
LAM were respectively, 1.7+0.4 % predicted (69.6+12.2 ml) and 2.2+0.2 % predicted
(81.5+6.4 ml) (p=0.302); the rates of yearly decline in DLc were respectively, 2.8+0.6%
predicted (0.78+0.14 ml/min/mmHg) and 2.1+3.9 % predicted (0.57+0.04 ml/min/mmHg)
(p=0.282).

To further study differences between TSC-LAM and sporadic LAM patients we performed
two additional types of analysis. First, we compared the proportions of patients showing
airflow obstruction, diffusion impairment, or normal lung function and found that greater
proportions of sporadic LAM patients had functional abnormalities than TSC-LAM patients
and the difference between both groups was statistically significant (Table 2).

In addition, we stratified the rates of yearly changes in FEV1 and DL¢q for TSC-LAM and
sporadic LAM patients and performed a statistical analysis of the data. This analysis showed
that the proportion of patients with higher rates of FEV decline was significantly greater in
sporadic than in TSC-LAM (Table 3).

Cardiopulmonary exercise testing.

Results from the initial cardiopulmonary exercise tests (CPET) of 76 TSC-LAM patients and
340 sporadic LAM patients are shown on Figure 2, panel C, and in the online supplement,
Table S4. Eighteen (23.6 %) of the 76 TSC-LAM patients experienced a drop in oxygen
saturation (Sa02) equal or greater than 4 % (mean=7.0£2.7 %). Seventeen TSC-LAM
patients failed to reach anaerobic threshold (AT). Seven of these patients had profound
hypoxemia and four had decreased breathing reserve. Analysis of the initial CPET data
showed that TSC-LAM patients had greater breathing reserve (BR) and lower peak minute
ventilation (VE max) and ventilatory equivalent for CO2 (VE/VCO2) at AT than sporadic
LAM patients (Figure 2, panel C). There were no other statistically significant differences
in exercise variables between TSC-LAM and sporadic LAM patients. Longitudinal CPET
data comprising approximately four years of follow-up were available for 60 TSC-LAM and
236 sporadic LAM patients, respectively (Figure 2, panel D). We found a greater decrease
in percent-predicted peak heart rate in sporadic LAM than TSC-LAM patients (—-1.4+0.2
versus - 0.14+0.31 %, p=0.002) and a greater decline in percent-predicted peak minute
ventilation (VE max) in sporadic LAM than TSC-LAM patients (-0.6+0.4 versus 0.9+0.7
%, p=0.011)
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Predictors of TSC-LAM and disease severity.

A multivariate model was employed to estimate the odds of a patient having TSC-

LAM instead of sporadic LAM (Table 4). This analysis showed that only the age

of diagnosis (p=0.017), age of first respiratory symptoms (p=0.007), and the presence

of angiomyolipomas (p=0.003), or lymphangioleiomyomas (p<0.001), were significantly
different between patients with TSC-LAM and those with sporadic LAM (Table 4). An
odds-ratio analysis (Table 4) showed that the presence of lymphangioleiomyomas decreased
the odds of having TSC-LAM by 74%. The presence of angiomyolipomas increased the
odds of having TSC-LAM by two and one half times. Finally, for each additional year in age
at the time of diagnosis of LAM, the odds of having TSC-LAM decreased by 3.8% (Table
4).

Because the frequency of lymphangioleiomyomas was greater in sporadic LAM, we
questioned whether this manifestation of extrapulmonary LAM was related to the severity
of lung disease. A multivariate analysis showed that patients with lymphangioleiomyomas
(n=143) had lower DL than patients without lymphangioleiomyomas: 66.0£23.4 %
predicted (13.9+5.0 ml/min/mmHg) versus 78.6+25.0 % predicted (16.8+5.8 ml/min/
mmHg) (p<0.001). A lower DLco was observed in patients with lymphangioleiomyomas
regardless of the co-occurrence of angiomyolipomas. A similar analysis restricted

to TSC-LAM patients was not performed because only 12 TSC-LAM patients had
lymphangioleiomyomas.

Rate of progression of lung disease in TSC-LAM.

We compared changes in cyst scores and lung function of 40 TSC-LAM with 40 age and
lung function-matched sporadic LAM patients followed for about six and one half years
(Table 5). A reading of the first and last imaging studies showed that in 21 TSC-LAM
patients the average number of cysts increased from 26425 to 50+43. Cyst scores increased
from 5.3£5.9 to 11.8+9.6 % (p<0.05). We further analyzed the TSC-LAM CT scan data
focusing on 11 young TSC-LAM patients (mean age=25.7 + 3 years, range=18-30) for
whom we had data spanning 4.3+3.8 years. Yearly rates of decline in FEV 1 and DL¢g
were 4.1+3.6 and 4.3+3.8 % predicted, respectively. Visual review of CT scans showed
progression of disease from minimal or mild, to moderate to severe. In six patients there
was quick progression to severe disease. Yearly rates of decline in in FEV 1 and DLco
were 5.94+3.0 and 5.4+3.6 % predicted and the percentage of lung volume occupied by cysts
increased from 8.1+6.9 to 27.6+5.8 %. CT scans of two of these patients are shown on
Figure 3.

In 18 of the 40 sporadic LAM patients, over the period of observation, the average number
of cysts increased from 6640 to 94+60. Cyst scores increased from 5.645.2 to 15.3+9.8

% (p<0.05) (Table 5). There was no significant difference between TSC-LAM and sporadic
LAM patients in both initial and final cyst scores. There was also no significant difference
in the rate of change in cyst scores for TSC-LAM and sporadic LAM patients: 1.0+1.3
versus 1.4+1.7 %, p=0.213 (Table 5). Supplemental online data Table S5 and Figure S1
show changes in cyst scores for each TSC-LAM and sporadic LAM patient.
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DISCUSSION

Our study shows that compared to sporadic LAM patients, TSC-LAM patients were
diagnosed with LAM at an earlier age and were more likely to have fewer respiratory
symptoms. The presence of angiomyolipomas increased the odds of a LAM patient having
TSC-LAM. Conversely, the presence lymphangioleiomyomas decreased the odds of a
patient having TSC-LAM. A greater proportion of TSC-LAM patients presented with
normal lung function than sporadic LAM patients. Furthermore, although there was no
statistically significant difference in FEV; and DL rates of decline between TSC-LAM
and sporadic LAM patients, stratification of rates of functional decline according to grade
showed that more TSC-LAM patients had lesser rates of FEVq decline than sporadic LAM
patients.

These differences in disease severity at the time of presentation and subsequent functional
decline could be explained by recruitment bias. Indeed, 38 TSC-LAM patients were referred
to NIH under a screening protocol and only later were found to have LAM. It is likely

that such a cohort would have milder lung disease than a population of TSC-LAM patients
presenting with respiratory symptoms. This referral bias may have resulted in more TSC-
LAM patients having milder lung disease than sporadic LAM patients. In agreement,

we found that patients diagnosed with LAM after being diagnosed with TSC, tended to
have higher FEV1 (8327 versus 7526 % predicted) and DL¢g (8229 versus 77+23 %
predicted) at the time of the first NIH visit than patients in whom the diagnosis of LAM
preceded the diagnosis of TSC, although the difference was not statistically significant.

The finding that a relatively large number of TSC patients presenting with LAM only
belatedly were diagnosed with TSC, is consistent with data from a prior study showing that
45 (59 %) of a total of 79 TSC patients were only diagnosed with TSC in adulthood. Thirty
of the 45 (66 %) patients reported clinical features consistent with TSC that antedated the
eventual diagnosis of TSC by a median time of 21.5 years [33]. In summary, our TSC-LAM
population consisted of a mix of patients presenting as LAM and another presenting as TSC.
We propose that the make-up of our cohort corresponds to the most frequent presentation of
TSC patients, either as TSC or LAM.

A lower frequency of lymphatic involvement observed in TSC-LAM patients could

have accounted for their lesser severity of lung disease. We found that patients with
lymphangioleiomyomas had a lower DL¢q than patients with less lymphatic involvement,
and our study showed that lymphangioleiomyomas are more prevalent in sporadic LAM.
Lymphatic disease in LAM is known to be associated with increased blood levels of vascular
endothelium growth factor D (VEGF-D), and data from the MILES trial have shown that
increased levels of VEGF-D are associated with more severe lung function abnormalities,
less exercise tolerance and greater oxygen requirements [34]. It is possible that lymphatic
involvement with LAM cell infiltration may obstruct lymphatic flow from the lungs causing
impairment of gas exchange, which is reflected by diminished DL¢cg and hypoxemia. This
hypothesis is consistent with reports that lymphangioleiomyomas and pulmonary infiltrates
resolve after treatment with sirolimus, resulting in improvement in lung function [35-37].
However, there are no data regarding the potential value of measurement of serum VEGF-D
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levels in predicting the prognosis of a woman with TSC who has been diagnosed with LAM.
Of the available methods of assessing the prognosis of LAM, measuring the rates of decline
in lung function over time and quantitatively grading CT scans remain the most practical and
useful tools.

Initial cardiopulmonary exercise testing data are consistent with the differences in degree
and frequency of pulmonary function abnormalities in TSC-LAM and sporadic LAM
patients. Breathing reserve was higher in TSC-LAM than sporadic LAM patients. Peak
VEmax and VE/VCO2 at AT were higher in sporadic LAM reflecting a greater ventilatory
response to exercise. Because TSC-LAM patients had better lung function, their ventilatory
response to exercise was less, resulting in a lower VE/VCO2, lower VEmax and greater
breathing reserve.

One of the questions that we wanted to address in this study was whether the detection of

a few lung cysts on a CT scan of women with TSC equates to the presence of LAM, and
whether such patients eventually develop clinically significant lung disease, their course is
similar to that seen in sporadic LAM. We found that the presence of a few lung cysts and
normal lung function in a woman with TSC does not necessarily predict a good outcome.

In fact, we identified eleven young TSC-LAM patients with few lung cysts and normal lung
function who rapidly progressed to moderate to severe lung disease, reflected by high rates
of lung function decline and increased percentage of lung volume occupied by cysts. These
findings suggest that, as in sporadic LAM, lung disease in TSC-LAM patients may worsen
rapidly with age and run a course similar to sporadic LAM.

Our data are consistent with the results of a study involving women with TSC, showing that
the risk of LAM was age-dependent, increasing from 27% in subjects under the age of 21,
to 81% in subjects above the age of 40 [25]. A European Respiratory Society consensus
statement recommended screening of TSC patients by CT scans at 18 years of age and
repeating the study when 30 years old [33]. A more recent statement regarding surveillance
of women with TSC and demonstrable lung cysts also recommended CT scans every two to
three years and annual pulmonary function tests [37]. In our study, we report longitudinal
physiologic and computed tomography data showing that, although TSC-LAM patients, as a
group, tended to have milder and less progressive lung disease than sporadic LAM patients,
individual patients, specifically women between the ages of 18 and 30 years, may experience
rapid declines in lung function. Any approach other than close monitoring of respiratory
symptoms, lung function and exercise tolerance, along with imaging studies, in TSC women
in that age group, would fail to detect the presence of clinically significant cystic lung
disease before the age of 30. Thus, close medical follow-up of all women with TSC and
lung cysts, including pulmonary function tests and computed tomography, is recommended.
This approach is justified by evidence that treatment of LAM with sirolimus is effective in
slowing progression of lung disease [37,39].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Flow diagram showing the numbers of TSC-LAM and sporadic LAM patients seen initially
and those who had pulmonary function tests (PFT) and cardiopulmonary exercise tests

(CPET) spanning several years.
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Figure 2.
Panel A: Pulmonary function data in 94 TSC-LAM (white bars) and 460 sporadic LAM

(black bars) patients obtained at the time of the first visit to NIH. Overall TSC-LAM patients
have significantly higher FEV4 and DL and lower RV than sporadic LAM patients. Panel
B: Yearly changes in percent-predicted FEV1, RV, and DL, in 73 patients with TSC-LAM
(white bars) and 319 patients with sporadic LAM (black bars) followed for over five years,
expressed as mean £SEM. No statistically significant differences were observed between
TSC-LAM and sporadic LAM patients. Panel C: Initial cardiopulmonary exercise data in

76 TSC-LAM (white bars) and 340 sporadic LAM patients (black bars) obtained at the

time of the first visit to NIH. TSC-LAM patients have significantly higher BR and lower
VE max and lower VE/VCO?2 than sporadic LAM patients. Panel D: Yearly changes in
exercise variables in 60 TSC-LAM (white bars) and 236 sporadic LAM patients (black bars)
followed for approximately four years, expressed as mean +SEM. There was a statistically
significant difference in the rates of change in peak heart rate and peak minute ventilation
between TSC-LAM and sporadic LAM patients.

Abbreviations used are: TLC: total lung capacity; FEV4: forced expiratory volume in the
first second; RV: residual volume; DL¢q: diffusion capacity for carbon monoxide; VE max:
minute ventilation at peak exercise; VO2 max: peak oxygen consumption; HR: heart rate;
BR: breathing reserve; VE/VVCO2: ventilatory equivalent for carbon dioxide. * p< 0.05,
significantly different from sporadic LAM patients.
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Figure 3.
Panel A. Lung computed tomography scan of a 19 year-old woman with TSC-LAM showing

minimal cystic changes. Panel B. Five years later, the computed tomography scan shows
severe disease. Panel C. Lung computed tomography scan of a 25 year-old woman with

TSC-LAM showing minimal cystic changes. Five years later, the computed tomography
scan shows more severe disease.
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Table 1.

Demographic features of 554 patients with lymphangioleiomyomatosis

Demographics
Number of patients
White

Black

Hispanic

Asian

Other

Age of LAM Diagnosis

Age, first symptom
Age, first visit to NIH

Death during study

Lung transplantation during study
Initial Symptoms

Dyspnea

Cough

Pneumothorax

Hemoptysis

Chylous effusions

Abdominal, pelvic or back pain
No respiratory symptoms
Extrapulmonary Findings
Lymphangioleiomyomas
Angiomyolipomas

Bilateral angiomyolipomas
Chylous effusions, any time
Mode of Diagnosis of LAM
Tissue biopsy

Clinical data and computed tomography
Bronchodilator response
Post-menopausal

Therapies received
Progesterone/leuprolide

Sirolimus

TSC-LAM
%4

79 (84%)
7 (7.4%)

5 (5.3%)

2 (2.1%)
1 (1.0%)
36.4+10.4 *
33.249.9 ©

39.1+10.2 *
14 (14.8%)
4 (4.2%)

35 (37 %)
None

38 (40%) 7
33 %)

10 (11 %)

8 (9 %)

19 (19 %)

12 (12.8 %)
90 (95.7 %)
80 (85.1%)
13 (13.8 %)

37 (39 %)
57 (61 %)
107 (23%)
16 (17%)

47 (51 %)
8 (8.5%)

Sporadic LAM
460

397 (86.3%)
26 (5.6%)

10 (2.1%)

25 (5.4%)

2 (0.4%)
41.149.4
37.049.9
43.9£9.2

70 (15.2%)
51 (11%)

222 (42 %)
19 (4 %)
13 (2.8 %)
44.(10 %)
33 (7 %)
59 (13 %)
8 (2%)

177 (38 %)
190 (41.3 %)
61 (13.2%)
93 (20 %)

308 (67 %)
152 (33 %)
14 (15%)
105 (22.8%)

207 (45%)
41 (8.9%)

p<0.05. Significantly different from sporadic LAM

fp<0.01. Significantly different from sporadic LAM
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Table 2.

Proportions of TSC and sporadic LAM patients with functional abnormalities

Number of patients
Airflow obstruction

Diffusion abnormality

TSC-LAM
94

31(32.9 %)
38 (40.4 %)

Airflow obstruction and diffusion abnormality 25 (26.5 %)

Normal pulmonary function

40 (42.5 %)

Sporadic LAM
460

234 (50.8 %)
282 (61.3 %)
194 (42.1 %)
122 (26.5 %)

p-value

0.002
<0.001
0.005
0.002

*
Using a chi-square test
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Proportion of rates of functional decline in lung function in 73 patients with TSC-LAM and 319 patients with

sporadic LAM 4

Number of patients

Decline in % predicted

>10 %
8-10 %
6-8 %
4-6 %
2-4%
0-2%

TSC-LAM  TSC-LAM
73 73
FEV, DLco

1(13%)  4(54%)
3(41%)  2(27%)
5(6.8%)  8(10.9%)
27%)  4(54%)
13 (17.8%) 15 (20.5 %)
31(42.4%) 27 (36.9 %)

Sporadic LAM
319

FEV, *

11 (3.4 %)

9 (2.8 %)

19 (5.9 %)

32 (10.0%)

87 (27.2 %)

95 (29.7 %)

Sporadic LAM
317
DLco

14 (4.3 %)
10 (3.1%)
12 (3.7%)
38 (11.9%)
84 (26.3%)
90 (28.2 %)

*
p=0.048, using Wilcoxon-Mann-Whitney test

a_..
Patients were followed for 5.1+3 years
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Multivariate analysis and odds ratio estimates for distinguishing clinical features of TSC-LAM and sporadic

LAM

A. Multivariate analysis
Number

Age of diagnosis

Age of first symptoms
Angiomyolipoma
Lymphangioleiomyoma
B. Oddsratio estimates
Angiomyolipomas
Lymphangioleiomyomas

Age

TSC-LAM  Sporadic LAM

73 319

38.0+10.7 41.5%£9.2

34.2+10.3 38.0+9.5

89% 36%

15% 41%

Oddsratio 95 % confidence level

2.54 1.372,4.701
0.237 0.101, 0.554
0.962 0.931, 0.993

p-value

0.017
0.007
0.003
<0.001
p-value
0.017
0.003
<0.001
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Demographic, physiologic and radiologic findings in 40 patients with TSC-LAM and 40 patients with sporadic

LAM
Demographics TSC-LAM  SporadicLAM
Age 40.1+9.9 39.948.1
Follow-up time (years) 6.5+2.7 6.5+3.2
Deaths 2 (5%) 3 (7.5%)
Lung function
FEV; (liters) 2.6+0.5 2.620.5
% predicted FEVy 96.8+18.9 93.8+15.9
DL¢o (ml/min/mmHg) 20.4+3.9 20.5+4.2
% predicted DLco 95.4+19.1  94.8+16.7
% predicted decline in % FEV, 1.9+2.7 1.9+1.9
% predicted decline in DLco 2.1+2.8 1.9+2.7
Cardiopulmonary exercise testing
Work rate (% predicted) 99+25 109+24
Peak heart rate (% predicted) 8948 9148
Peak VE max (% predicted) 57+16 62+16
BR (%) 44+16 38+20
Peak VO2 max (% predicted) 80+15 86121
VE/VCO?2 at AT 3247 34+6
Volume occupied by cysts
Initial cyst scores (%) 5.3+5.9 5.6+5.2
Final cyst scores (%) 11.8496°  15.3+9.8%
Yearly change in cyst scores (%) 1.0+1.3 1.4+17

*
Statistically significant from initial cyst score (by ANOVA). Abbreviations used: FEV1: forced expiratory volume in the first second; DLCO:

diffusion capacity for carbon monoxide; VE max: minute ventilation at peak exercise; BR: breathing reserve; VO2 max: peak oxygen consumption;
VE/VCO2: ventilatory equivalent for carbon dioxide; AT: anaerobic threshold.
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