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ABSTRACT

Lymphangioleiomyiomatosis (LAM) is a rare disease affecting women in childbearing age. A
sporadic form (S-LAM) affecting previously healthy women, and a form associated with Tuberous
Sclerosis Complex (TSC-LAM) are described. Some data suggested that TSC-LAM could be a milder
disease compared to S-LAM. To investigate whether the different disease behavior is real or due to
overdiagnosis of screened TSC women, we compared the natural history of S-LAM and TSC-LAM in
patients with incidental diagnosis. Clinical, and functional data from 52 patients (23 with S-LAM
and 29 with TSC-LAM) were analysed. At diagnosis functional impairment was mild without
differences between groups [FEV1 %pred was 97% (88-105) and 94% (82-106) in TSC-LAM and S-
LAM, respectively, p=0.125]. Patients with S-LAM had less renal angiomyolipoma, and lower VEGF-
D serum levels than TSC-LAM. There was no difference in the baseline extent of pulmonary cysts
on CT scan and no difference in yearly rate of functional decline between TSC-LAM, and S-LAM
patients [e.g. yearly rate of decline of FEV1 %pred was -0.51 (-1.59-2.24) and -0.90 (-1.92—-0.42)
in TSC-LAM and S-LAM, respectively, p=0.265]. In conclusion, the natural history of TSC-LAM and
S-LAM, when a potential selection bias due to screening in the latter group is balanced, is similar.
Our study suggests that the prevalence of S-LAM can be significantly underestimated due to a
tendency to diagnosis more frequently patients with more severe impairment, without identifying

several ones with asymptomatic disease.
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INTRODUCTION

Lymphangioleiomyiomatosis (LAM) is a rare disease affecting mostly women in
childbearing age [1] [2].

A sporadic form (S-LAM), and a form affecting female patients with Tuberous Sclerosis
Complex (TSC-LAM) [3] are described. The reported prevalence of LAM in women with TSC is up to
49% in recent publications, [4][5][6] and the estimated number of TSC-LAM patients exceeds the
sporadic LAM group; however, the majority of patients who require medical intervention for LAM
have the sporadic form of the disease [7]. Previous data showed that TSC-LAM patients have
better lung function, and a milder radiological involvement when compared to S-LAM [8][9],
leading to a hypothesis that TSC-LAM patients could have milder disease. However, systematic
screening for LAM using computed tomography of the lungs in TSC patients could lead to a pre-
clinic identification of the disease. Furthermore, complications due to extrapulmonary
manifestations in TSC patients (e.g. abdominal bleeding due to angiomyolipoma, intellectual
disability) could potentially require complementary exams leading to identification of pulmonary
involvement. Additionally, recently published data from the National Heart, Lung and Blood
Institute (NHLBI) LAM Registry confirmed a higher severity of S-LAM compared to TSC-LAM at
diagnosis, but did not identify significant differences in the rate of functional decline [10] nor in
the progression to death or lung transplant [10] between these groups. Finally, an intrinsic
difference in the natural history of these two LAM subgroups cannot be ruled out.

To investigate whether the different disease behaviour is real or due to overdiagnosis of
screened TSC women, we performed a study to evaluate the natural history of S-LAM and TSC-
LAM by comparing functional, and radiological data over time in these two populations with an

incidental LAM diagnosis (i.e. by screening asymptomatic women with TSC, or incidentally



discovering through imaging performed for indications other than respiratory or extrapulmonary

symptoms possibly due to S-LAM).

METHODS

We performed a retrospective multicentric study in two centres (San Paolo Hospital, Milan,
Italy, and Heart Institute (InCor), Hospital das Clinicas, Sao Paulo, Brazil) from 1995 to 2017. The
diagnosis of both LAM and TSC were based on the previously published guidelines [11][12][13]. At
study recruitment, the Pulmonary Clinic of San Paolo Hospital, Italy followed 71 adult patients (50
TSC-LAM, and 21 S-LAM), while the Heart Institute Sao Paulo, Brazil followed 105 patients (32 TSC-
LAM, and 73 S-LAM). The local ethical committees approved this study. We re-evaluated the
clinical history of each patient, and selected all cases with an incidental diagnosis of LAM, which
was defined by the finding of cystic lung lesions in the upper slices of abdominal CT scans or chest
CT scans performed for reasons other than pulmonary or extrapulmonary symptoms possibly due
to LAM, and by screening asymptomatic women with TSC. We compared clinical and functional
data (forced expiratory volume in the first second, FEV1, forced vital capacity, FVC, and carbon
monoxide diffusing capacity, DLCO) from patients with at least two spirometries at different times
(at least 4 months apart). Quantification of the volume of the cystic lesions, total lung volume, and
the ratio of the abnormal cyst volume to the total lung volume were obtained automatically by
densitovolumetry using a computer program (Advantage Workstation Thoracic VCAR software; GE
Medical Systems, Milwaukee, WS, USA). The volume of the cystic lesions was obtained by selecting
pixels between -1000 and -950 HU on soft tissue filter images [14]. Serum levels of VEGF-D were
measured.

Data are reported as the mean * SD for variables with normal distribution, as the median

(25th—75th percentiles) for variables with non-normal distribution, or as numbers (percentiles).



The Mann—Whitney U test was used to compare continuous variables, whereas categorical
variables were compared using the Fisher’s exact or Chi-square tests. The estimated yearly rate of
decline (slope) was calculated from simple linear regression using the percentage of predicted of

functional parameters.

RESULTS

Demographic, clinical and functional data from 52 patients (23 with S-LAM and 29 with
TSC-LAM) were analysed (35 from the Brazilian group, 23 with S-LAM and 12 with TSC-LAM, and
17 from the Italian group, all affected with TSC-LAM) and are described in Table 1. Genetics data
were available for 23 patients: 7 (12%) patients showed a mutation in TSC1 gene, 10 patients
(17%) showed a mutation in TSC2 gene and in 6 (10%) patients an atypical mutation was found.
The median age in the whole population was 39 years (31-46), with no difference between the
groups. The reason for performing CT scans included chest pain without evidence of
pneumothorax or pleural effusion (4 patients), fever (7 patients), abdominal pain without
evidence of abdominal manifestation of LAM (14 patients), or screening in 27 patients with TSC.
Brazilian patients were followed for an average time of 6150 months, while Italian patients were
followed for 52+21 months (p=0.359), with a cumulative average follow up time of 58+43 months.
During follow up period, twelve patients were treated with mTOR inhibitors (six with TSC-LAM and
six with S-LAM, p=0.746): a patient was treated with everolimus, and 11 with sirolimus. There
were no differences in demographics, clinical features and functional data between Italian and
Brazilian patients with TSC-LAM (data not showed).

Brazilian patients underwent on average 5.1+3.0 respiratory function tests while Italian
patients underwent 4.4+2.3 respiratory function tests (p=0.339) during the follow-up period.

Functional impairment at baseline was mild without significant differences between the groups.



Patients with TSC-LAM had a higher percentage of renal angiomyolipoma, and higher VEGF-D
serum levels at diagnosis than those with S-LAM. There was no difference in the baseline extent of
pulmonary cysts on CT scan when comparing S-LAM and TSC-LAM patients (Table 1).

Figure shows the variations of lung function parameters in both groups during follow-up.
As noted, there was no functional difference in yearly rate of decline when comparing TSC-LAM
and S-LAM groups, including FEV1 %pred [-0.51 (-1.59-2.24) and -0.90 (-1.92—-0.42), respectively,
p=0.265], FVC [-0.76 (-3.70—1.04) and -0.56 (-1.92—-0.42), respectively, p=0.719] and DLCO [-0.37

(-3.96-1.91) and -0.42 (-2.54-2.25), respectively, p=0.712].

DISCUSSION

This is the first study aimed at comparing the natural history of S-LAM, and TSC-LAM in
patients with incidental LAM diagnoses. We found that, the natural history of TSC-LAM and S-LAM,
when a potential selection bias due to screening in the latter group is balanced, is similar.

A previous study that compared the yearly variation in functional parameters between
lung-function matched TSC-LAM and S-LAM patients also showed that there was no difference
between the groups. However, the authors did not assessed exclusively asymptomatic patients
[9]. In the (NHLBI) LAM Registry, there was no difference in the rate of decline of FEV1 between
these groups [10]. The absence of difference in functional decline between TSC-LAM and S-LAM
groups in our study was probably not related to sirolimus because the prevalence of the use of this
drug was not different between the groups.

The results of our study suggest that the prevalence of S-LAM can be significantly
underestimated due to a tendency to diagnosis more frequently patients with more severe
impairment, without identifying several ones with asymptomatic disease. This hypothesis is

reinforced by the fact that 24% of our patients with sporadic LAM were asymptomatic, with an



incidental diagnosis. In this context, it is likely that there are other asymptomatic patients with
undiagnosed LAM in the general population.

The main limitations of this study include the number of patients, due to the rare nature of
the disease, and the comparison of two potentially different populations, the first comprised only
of TSC-LAM patients (ltalian cohort), and the second (Brazilian cohort) with different ethnic origin.

However, there is no evidence of different natural histories of LAM due to different ethnic origins.

CONCLUSIONS
In conclusion, our study demonstrates that the natural history of TSC-LAM and S-LAM,
when a potential selection bias due to screening in the latter group is balanced, is similar, and that

the prevalence of S-LAM is probably underestimated.
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LIST OF ABBREVIATIONS

DLCO: carbon monoxide diffusing capacity;

FEV1: forced expiratory volume, 1st second;

FVC: forced vital capacity;

KCO: Krogh factor for carbon monoxide

LAM: Lymphangioleiomyiomatosis

S-LAM: sporadic Lymphangioleiomyiomatosis

TSC: Tuberous Sclerosis Complex

TSC-LAM: Tuberous Sclerosis Complex associated LAM

VA: alveolar volume.

VEGF-D: vascular endothelial growth factor, D- isoform
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Table 1 — Baseline and follow-up data of the whole study sample.

TSC-LAM S-LAM p
(n=29) (n=23)

Baseline data

Age, yrs 37 (27-46) 43 (35-49) 0.125
Renal AML presence, % 72 39 <0.05
Abdominal lymphangioleiomyoma, % 1(3.4%) 4 (17.4%) 0.157
FEV1, % pred 97 (88-105) 94 (82-106) 0.552
FVC, % pred 95 (80-107) 95 (83-103) 0.885
DLCO, % pred 81 (74-92) 88 (71-99) 0.605
Cystic lesions extent at CT, % 3.7 (0.2-11.1) 7.0(1.8-10.3) 0.524
VEGF-D, pg/mL** 1355 (633-2853) 726 (263-1098) <0.05
Follow-up data

Pneumothorax during follow-up, % 4 (13.8%) 3 (13%) 1.000
Chylothorax during follow-up, % 0 1(4.3%) 0.442
Use of mTOR inhibitors, % 21 26 0.746

Data are expressed as median (IQR: interquartile range); p < 0,05 in bold. *results available for 10
TSC-LAM and 18 S-LAM patients; **results available for 24 TSC-LAM and 20 S-LAM patients. AML:
angiomyolipoma; CT: computed tomography; FVC: forced vital capacity; mTOR: mechanistic target
of rapamycin; VEGF-D: vascular endothelial growth factor D.

14



FIGURE CAPTION

Figure. Yearly variation of lung function parameters in TSC-LAM and S-LAM patients.

Figure legend

FEV1: forced expiratory volume, 1st second; FVC: forced vital capacity; DLCO: carbon monoxide
diffusing capacity; KCO: Krogh factor for carbon monoxide (DLCO/VA): DLCO divided by VA
(DLCO/VA); S-LAM: sporadic LAM; TSC-LAM: LAM associated with Tuberous Sclerosis Complex; VA:
alveolar volume. P-values for FVC, FEV1, DLCO, KCO, VA percent predicted (0.719, 0.265, 0.712,

0.780, and 0.506 respectively).
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HIGHLIGHTS

* Previous studies suggest that TSC-LAM is milder compared to sporadic LAM (S-LAM).
* The different disease behaviour may be due to overdiagnosis of screened TSC women.
* We demonstrate that pulmonary impairment at diagnosis is similar in TSC-LAM and S-LAM.

* Our findings show that the rate of functional decline of TSC-LAM and S-LAM is similar.
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