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Abstract

Lymphangioleiomyomatosis (LAM) is a rare and progressive cystic lung disease with limited therapeutic options. We
retrospectively analyzed the effects of a comprehensive 4-week inpatient pulmonary rehabilitation (PR) program in
58 patients with advanced LAM (FEV1: 45 ± 34%predicted, 6-min walk distance (6MWD): 338 ± 167 m). Exercise
performance (6MWD: + 49 ± 50 m; p < 0.001) and quality of life (SF-36 physical component: + 2.4 ± 7.8 points; p =
0.049 and mental component: + 5.2 ± 12.1 points; p < 0.001) increased significantly after PR comparable to an COPD
cohort. There were no clinical parameters that predicted changes in outcomes following PR. PR seems to be an
effective therapeutic option even in patients with advanced LAM.

Trial registration: Clinical-Trials registration number: NCT04184193; date of registration: December 3, 2019.
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Introduction
Lymphangioleiomyomatosis (LAM) is a very rare, systemic
neoplastic disease associated with progressive cystic lung
destruction mostly affecting young women (prevalence: 3.4
to 7.8 per million women) [1]. LAM results in airflow limi-
tation, hyperinflation, and reduced diffusion capacity which
in turn leads to dyspnea and impaired exercise perform-
ance, physical activity, and quality of life [2, 3]. Available
drugs (mTOR-inhibitor) may slow down lung destruction,

however, the disease remains incurable and lung trans-
plantation is often the only therapeutic option [1, 4]. Simi-
lar to other chronic lung diseases pulmonary rehabilitation
(PR) might improve LAM patients´ symptoms and limita-
tions [5]. Since LAM is a rare disease data collection is
difficult and therefore, we performed a retrospective ana-
lysis of LAM patients that were referred to PR.

Methods
Data for this analysis were consecutively collected between
July 2000 and November 2019 during a 4-week inpatient PR
program at the Schoen Klinik Berchtesgadener Land
(Schoenau, Germany). Patients performed a comprehensive
multimodal, multidisciplinary PR program with contents
specialized for patients with chronic respiratory diseases.
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The program was provided on 5 to 6 days per week and
consisted of daily exercise training sessions (including
endurance and strength training for 60min) following rec-
ommendations for exercise training in COPD [6]. Patients
participated also in structured general education sessions
(e.g. disease management or oxygen therapy) and respiratory
physiotherapy – smoking cessation, nutritional and psycho-
logical counseling were provided on a case by case basis.
This retrospective analysis was approved by the Ethics

Committee of the Philipps-University Marburg (ID EK_
MR_26_11_2019_koczulla) and is registered at Clinical-
Trials.gov (NCT04184193).

Statistical analyses
The primary outcomes were changes in 6-min walk
distance (6MWD) [7] and quality of life (short-form 36
question health survey [SF-36]). Results were provided by
mean values +/− standard deviation. For comparing pre to
post PR, a two-tailed Wilcoxonrank sum test (W-test) was
applied. The Mann-Whitney U-test(U-test) was used to
compare the two groups at the beginning and the delta
values (pre to post PR) with a significance level of p < 0.05.
A logistic regression analysis was performed to identify the
relationship between various baseline characteristics on

changes in 6MWD and the physical (PCS) and mental
health component score (MCS) of the SF-36. Also odds ra-
tios of each parameter were calculated. Therefore, patients
were classified into a group of poor and good responders
for 6MWD (cut-off: Δ30m) and SF-36 (cut-offs: ΔPCS: 2.7;
ΔMCS: 4.0). For group comparison, a 1:1-matching from
an own retrospective COPD cohort (n = 708) was per-
formed using FEV1 +/− 5%. Five LAM patients could not
be assigned to an COPD patient. Therefore, a matching
partner was assigned manually so that the mean values of
FEV1% predicted did not differ significantly.
All statistical analyses were conducted using SPSS 23

(IBM, Inc., USA).

Results
A total of n = 85 female patients with LAM performed PR
during the observational period. However, n = 27 patients
were excluded from the analysis due to following reasons:
n = 21 (78%) performed repeated PR, n = 3 (11%) had miss-
ing data, and n = 3 (11%) were referred to another hospital
due to acute clinical problems or worsening. The remaining
58 LAM patients showed a severely impaired lung function
and exercise performance (Table 1). Eighteen patients
(31%) received an mTOR inhibitor therapy with doses of

Table 1 Baseline characteristics of LAM patients and a COPD comparison cohort (data are presented as mean ± SD and [median])
LAM COPD p

n 58 58 –

Female sex, n 58 (100%) 58 (100%) –

Age, ys 48.2 ± 10.3 [48.4] 59.9 ± 11.6 [59.4] < 0.001

BMI, kg/m2 22.9 ± 5.9 [21.6] 24.60 ± 7.19 [22.4] 0.071

Smoking status, never/former/current/unknown 35/17/2/4 7/45/6/0 < 0.001

FEV1, l 1.32 ± 0.74 [1.13] 1.00 ± 0.45 [0.91] 0.043

FEV1, %predicted 45.8 ± 24 [42.8] 45.4 ± 21.7 [41.5] 0.965

IVC, l 2.5 ± 1.0 [2.3] 1.9 ± 0.7 [1.9] 0.003

IVC, %predicted 72.1 ± 24.9 [74.4] 51.2 ± 15.9 [53.4] 0.001

DLCO, %pred. 40.7 ± 17.8 [37.2] 44.3 ± 17.1 [43.4] 0.481

PaO2, mmHg 65.7 ± 12.1 [63.9] 59.0 ± 10.4 [59.5] < 0.001

PaCO2, mmHg 35.3 ± 5.2 [34.1] 41.0 ± 8.8 [38.4] < 0.001

CRP, mg/l 3.2 ± 4.0 [2.0] 12.5 ± 28.0 [4.2] < 0.001

Creatinine, mg/dl 0.76 ± 0.24 [0.74] 0.82 ± 0.23 [0.80] 0.028

Long-term oxygen therapy, n 36 (62%) 41 (71%) 0.326

Oxygen supplementation at rest, lpm 1.4 ± 1.5 [1] 1.2 ± 1.1 [1.5] 0.766

Oxygen supplementation during exercise, lpm 2.4 ± 1.9 [2] 1.8 ± 1.4 [2.0] 0.085

6MWD, m 338 ± 167 [330] 287 ± 121 [275] 0.097

6MWD, %predicted 47.7 ± 22.7 [48.3] 47.1 ± 20.2 [42.1] 0.850

SpO2 nadir during 6MWD 79.4 ± 6.8 [84] 84.9 ± 7.9 [87] < 0.001

Listed for lung transplantation, n 28 (48%) 23 (40%) 0.350

SF-36 physical health component score 26.9 ± 12.8 [30.2] 30.8 ± 11.7 [29.6] 0.139

SF-36 mental health component score 44.0 ± 13.5 [45.4] 41.2 ± 16.3 [42.8] 0.359

Abbreviations: BMI Body mass index, FEV1 Forced expiratory volume in 1 s, IVC Inspiratory vital capacity, DLCO Diffusion lung capacity for carbon
monoxide, PaO2 Partial pressure of oxygen, CRP C-reactive protein, 6MWD 6-min walk distance
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1.9 ± 0.5mg. Following PR, 6MWD increased significantly
by 49 ± 50m (Fig. 1) exceeding the minimal important dif-
ference of 30m [8]. Also quality of life (SF-36) improved
significantly following PR (Fig. 1). These benefits were simi-
lar to the improvements in the COPD cohort. Results of
the logistic regression analysis showed that none of the in-
cluded variables (anthropometrics, lung function, mTOR
inhibitor therapy, 6MWD or SF-36) was a significant
predictor related to the improvements in 6MWD or quality
of life. No exercise-related serious adverse events were
recorded.

Discussion
To the best of our knowledge this is the largest cohort
of LAM patients, who were systemically analyzed before
and after a comprehensive PR. To date, there is only one
randomized, controlled trial available that investigated

the effects of PR in 37 LAM patients [9]. In line with
our results Araujo et al. found also significant improve-
ments in exercise performance and quality of life. How-
ever, LAM patients that were included in that study had
a much milder disease compared to patients in our study
(FEV1: 72% and 6MWD: 517 m). Therefore, our study
adds new evidence that PR is a beneficial treatment
option even in patients with advanced LAM including
patients listed for lung transplantation. Furthermore, we
found that PR benefits were similar to the ones of a
COPD cohort with similar disease severity. Until now,
the best evidence for PR benefits is available for COPD
patients [5]. In contrast, current LAM treatment guide-
lines either don’t mention PR as a treatment option [1]
or state that PR may be offered to patients with LAM
who are limited by dyspnoea (evidence level: expert
opinion) [10]. The current ATS/ERS statement on PR

Fig. 1 Outcome measures before (light grey boxplots) and after (dark grey boxplots) a 4-week pulmonary rehabilitation program (PR) in 58 LAM
and 58 COPD patients for changes in 6-min walk distance (6MWD), forced expiratory volume in 1 s (FEV1) and quality of life (SF-36 questionnaire)
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lists LAM as a condition that may be appropriate for
referral to PR. But this recommendation based only on
extrapolating PR benefits from other chronic respiratory
diseases and not on data [5].
PR had to be stopped in three patients (n = 1 pneumo-

thorax, n = 1 acute worsening of dyspnea, and n = 1
pleural effusion) who needed to be transferred to an
acute hospital. We interpret these events to be part of
the natural course of the disease rather than to be
related to any intervention during PR. In general, PR
and in particular exercise training were regarded as
feasible and safe in patients with advanced LAM.
Our study has some limitations. First, the COPD com-

parison group was significantly older, since not sufficient
young COPD patients with severe airflow limitation
were available. Second, data was collected using a retro-
spective study design over an observational period of
two decades which is a rather long period given the fact
that LAM is an orphan disease and medical treatment
with mTOR inhibitors might have induced a bias during
the last decade of our data collection. However, we
could not identify any variability of PR effects over time.

Conclusion
This study investigated the effects of PR in LAM. We
found significant and clinically relevant improvements in
exercise performance and quality of life following PR.
Based on our systematic analyses of available data we
recommend PR as a treatment option also for patients
with LAM - a rare disease without many therapeutic
options.
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