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Pulmonary Manifestations and the
Effectiveness of Enzyme replacement in Fabry
Disease with the p.R227X Mutation

Abstract

Introduction: Fabry disease is a rare X-linked multiorgan disease caused by a
defect in a-galactosidase A gene which leads to a progressive accumulation of
globotriaosylceramide (Gb3) and its metabolites in several organs. Pulmonary
manifestations of Fabry disease mimic chronic obstructive pulmonary disease and
are disproportionate to smoking status. The effect of enzyme replacement therapy
on pulmonary function is inconclusive.

Objectives: We studied the effect of enzyme replacement therapy on pulmonary
function in Fabry disease with a classical mutation p.R227X in Finland to minimize
confounding factors caused by genetic and environmental variation. R227X is one
of the most common mutations causing classical Fabry disease worldwide.

Methods: 12 of 14 patients with R227X met the criteria for enzyme replacement
therapy and were included in this study. Based on the maximal pulmonary oxygen
consumption at the baseline, either cardiopulmonary exercise test or combination
of spirometry and six-minute walking test were performed annually during five-
year follow-up.

Results: Three of 12 patients had obstruction by the Global Initiative for Obstructive
Lung Disease (GOLD) criterion before enzyme replacement therapy, and one had
borderline obstruction. In five years, five patients were classified obstructive,
although the real change in FEV1/FVC was unchanged in the whole cohort. Only
one patient was active smoker.

Conclusion: The findings of our study suggest that pulmonary manifestations in
classical Fabry disease are mild in a predominantly non-smoking cohort. Enzyme
replacement therapy might stabilize natural history of the lung disease in this
condition.
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Introduction

Fabry disease (FD, OMIM # 301500) is a rare lysosomal disease
caused by a mutation in a-galactosidase A (GLA) gene (the
GenBank reference sequence NM_000169.2) in X-chromosome
[1]. The catabolism of sphingolipid globotriaosylceramide (Gb3)
is disturbed and leads to progressive accumulation of Gb3 and its
degradation products, mainly globotriaosylshingosine (lysoGb3),
in various organs [1]. Approximately 1000 different mutations

have been described [2]. The severity of the phenotype varies
from asymptomatic benign polymorphism to severe classical
phenotype where the accumulation of Gb3 and lysoGb3 begins
in fetal period and leads slowly to organ failure, decreased quality
of life and premature death especially in males [3-5]. Prevalence
of smoking in patients with FD is not known. In a German cohort
of 41 FD patients except for one patient, all were smokers [6].

Pulmonary symptoms of classical Fabry disease include mild
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expiratory wheezingand dyspnoeaanddrycough[1,7]. Lamellated
inclusion bodies which are typical in Fabry disease have been
detected in histological specimens in airway epithelial cells,
bronchial smooth muscle cells, smooth muscle cells of pulmonary
arteries and veins, endothelial cells and alveolar interstitial cells
[7,8]. Spirometry typically reveals a mild, irreversible obstruction
[7,9,10]. To date, there are few studies that have investigated
the effect on enzyme replacement therapy (ERT) on pulmonary
symptoms and function [11,12]. It is generally accepted that ERT
should be started before the disease proceeds to irreversible
state [13,14].

In this paper, we report pulmonary findings in a prospectively
collected cohort of 12 patients with a classical Fabry Disease
caused by mutation R227X in Finland and the effect of ERT on
these parameters. R227X is one of the most common mutations
causing classical Fabry disease worldwide [15,16].

Materials and Methods

Our study Fabry Disease in Ostrobothnia (FAST) was planned to
describe the natural history of the classical mutation R227X and
the effect of ERT on disease progression. The study was approved
by the Ethics Committee of the Hospital District of Southwest
Finland (ETMK: 41/1801/2017) and was conducted in accordance
with the Declaration of Helsinki. All patients gave their informed
consent to the study. The natural history of this cohort has
previously been published [17]. 12 of 14 patients met the criteria
for ERT [14] and were included in the follow-up study. ERT was
initially not started for elderly female over 80 years of age with
relatively mild symptoms. After having had an ischemic stroke,
she was no longer considered to benefit from ERT. Another
female without ERT had mild symptoms and no major organ
manifestation.

Agalsidase-a at dose 0,2 mg/kg was prescribed for three patients
and agalsidase-B at dose 1 mg/kg every other week for nine
patients. Patient were annually examined by multi-disciplanary
team including cardiologist (P.P-E), internist (I.K) and neurologist
(J.T.S), and the other specialties, inclusive pulmonologist (J.S),
were consulted if needed. The relevant clinical laboratory
parameters, electrocardiogram (ECG), 24-hour continuous
ECG, transthoracic ultrasound (TTE) and spirometry were
prospectively collected in every visit. Audiogram was performed
annually. Ophthalmologist examined patients every two years.
Brain MRI or CT was performed approximately every three years
and cardiac MRI every two years unless there was a clinical need
to perform the studies earlier [18]. Mainz severity score index
(MSSI), which is a validated multiorgan scoring system for Fabry
disease, was used to monitor disease severity and progression
during ERT. Scores from general, neurological, cardiovascular and
renal categories give the maximal score of 76. Score more than 40
indicates severe disease, 20-39 moderate disease and less than
20 mild disease [19].

Performance ability was defined by cardiopulmonary exercise test
(spiroergometry) before ERT if possible. The maximal pulmonary
oxygen consumption (VO, ml/kg/min) was measured and related
to age. VO, was considered normal when the measured VO, was
over 70% of predicted value [20]. Combination of spirometry
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and 6-minute walking test (6MWT) was used in follow-up if
performance ability was normal in spiroergometry before ERT or
if spiroergometry was missing.

The presence of obstruction was determined according to the
Global Initiative for Chronic Obstructive Lung Disease (GOLD)
criterion [21,22] where obstruction was diagnosed by a ratio
of forced expiratory volume in one second and forced vital
capacity (FEV1/FVC) less than 0.7. The severity of obstruction
was defined by FEV1 % from predicted value. Values 80% or
more were considered normal (GOLD 1), values between 50-79%
moderately reduced (GOLD 2), 30-49% severely reduced (GOLD
3), and values less than 30% very severely reduced (GOLD 4). The
reference values for Kainu et al. represent healthy non-smoking
adults from all over Finland from the age of 16 to 84 [23]. 6MWT
was performed indoor along a straight, plane 30-meter corridor
following American Thoracic Society statement [24,25].

No pulmonary imaging studies were programmed in follow-up.
However, the pulmonologist (J.S) retrospectively re-evaluated all
the CT-studies from the thoracic region that had been taken for
some reason during the 5 years follow-up of ERT.

Statistics

The results are presented as mean and Standard Deviation (SD) or
range when the variable followed normal distribution. The mean
changes during ERT were analyzed using linear mixed models
for repeated measures. Kenward-Roger corrections was used
for degrees of freedom. Only time effect was tested with this
model, also time differences between every two time points were
estimated. P-values less than 0.05 (two-tailed) were considered
as statistically significant. The data analysis for this paper was
generated using SAS software, Version 9.4 of the SAS System for
Windows (SAS Institute Inc., Cary, NC, USA).

Results

The mean age at ERT start was 45 years (range 15-66) in the whole
group, in males 30 years (15-39) and in females 52 years (25-66).
One patient suffered from previously diagnosed asthma which
was suspected to be occupational in the 1980s. After changing
her occupation, she had not used inhaled steroids or B-agonists
regularly. One patient in the cohort was a current smoker. She
had also been suspected to have bronchial asthma, but the
diagnostic criteria for asthma were not fulfilled.

Spiroergometry was performed in six patients before ERT, five of
them females. Mean VO, was 26 ml/kg/min (range 17-31). VO,
was normal in all except a 15-year-old male, whose VO, was 31
ml/kg/min (67% of predicted value). His FEV1/FVC did not fulfill
the GOLD criterion for obstruction. However, his FEV1 was only
2.4 1 (69% of reference value). Pulmonary function results were
available from nine out of 12 patients before ERT as a part of
spiroergometry or as a separate test. Three patients met the
GOLD criterion for obstruction. Two of them had an irreversible
pulmonary obstruction. The third patient was not tested with
B-agonist. Moreover, the female with untreated asthma did not
meet the GOLD criterion and she had a negative response for
B-agonist. The average FEV1/FVC before ERT was 73% (SD 10).
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During the follow-up [mean 5.1 years (range 3.7-5.8)], FEV1 and
FEV1/FVC remained unchanged in the whole cohort (detailed
data of the whole cohort is presented in Table 1 and data
patient by patient in Table 2. The GOLD criterion was fulfilled
in additional two patients in five years. Obstruction was not
reversed in any patient. Four out of five patients had mild
obstruction GOLD 2 in the end of the follow-up. The fifth patient
had normal FEV1, which grades as GOLD 1. She had untreated
asthma, and FEV1/FVC decreased clearly in five years. Even
though her pulmonary function deteriorated, she did not have
subjective pulmonary symptoms, and she was not willing to use
inhaled medication. Moreover, her MSSI decreased from 21 to
8. A significant contributing factor for this improvement was her
early retirement.

Mean MSSI was 17 (3-32), in males 21 (10-26) and in females
15 (3-32), and the scores did not change in the follow-up (mean
score in the whole cohort decreased 0.38 from the baseline,
p=0.93). In the end of the follow-up, 6BMWT was in reference limit
in all except the oldest patient, 66 -year-old female with a severe
Fabry disease (MSSI 32, an irreversible obstruction in spirometry
but a normal VO, before ERT). Her disease progressed despite
ERT, and after three years of ERT, her MSSI was 44 and 6MWT was
288 meters, which was below reference limit 322 meters. Her
spirometry was unchanged. The progression of diastolic heart
failure was the main reason for the reduced performance ability.

In 15-year-old male, MSSI decreased from 10 to 7 in five years.
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His sweating normalized and was able to play soccer again. VO,
and FEV1/FCV remained stable. His FEV1 increased from 2.4 to
3.5 | (from 69% to 74% of reference value) which may partly
be explained by his adolescence. However, the shape of the
exhalation curve was slightly obstructive and FEV1 increased
by 11%. He noticed subjective relief after f-agonist. Bronchial
asthma was diagnosed by the pulmonologist and an inhaled
steroid and a long-acting B-agonist were started. Thorax region
imaging studies after ERT initiation were available in six patients
(four patients with coronary CT and two patients with CT because
of trauma). No pulmonary parenchymal changes, emphysema
or lymphadenopathy could be detected. The main bronchi were
open and of normal caliber. Coronary arteries were normal in all
four coronary CT.

Discussion

In our study Fabry Disease in Ostrobothnia (FAST), we followed
the effect of ERT for five years in a cohort of patients with the
classical Fabry mutation R227X. FEV1 and/or FEV1/FVC were
decreased in one third of the patients before ERT and remained
stable during ERT. MSSI, which reflects the disease severity, did
not change during the follow-up.

Rosenberg DM, et al. [7] demonstrated that pulmonary symptoms
in FD can be independent of cardiac disease and the airway
obstruction is disproportionate to smoking status [7]. Pulmonary

Table 1 Change in pulmonary function in five years of enzyme replacement therapy.

Variables
FEV1* (liters) (SD?) 2.64 (0.92)
FEV1 % from
predicted value (%) (SD) 85 (17)
FEV1 / FVC (SD) 0.73 (0.10)
FEV1/ FVC (%) from
predicted value (%) (SD) 88 (10)

‘ Before initiation of ERT' (n = 9) ‘ After 5 years of ERT (n = 12) ‘Change from initiation of ERT to 5 years of ERT

2.68 (0.64) 0.04 p=0.49
83 (14) ; )

0.72 (0.09) -1.16 p=0.35
92 (10) . 2

*ERT = Enzyme Replacement Therapy,*FEV1 = Forced Expiratory Volume in the First Second, °SD = Standard Deviation, "FVC = Forced Expiratory Vital

Capacity.

Table 2 Pulmonary parameters of every patient before enzyme replacement therapy and in five years follow-up.

FEV1* FEV1 in five

before ERT® (liters)

1 2,39 3,5
2 = 3,58
3 2,82 2,75
4 - 3,41
5 2,95 2,76
6 2,33 2,18
7 3,35 3,11
8 2,75 2,43
9 2,71 2,56
10 2,51 2,51
11 = 1,56
12 1,99 1,84

Years of ERT (liters)

FEV1/FVC" FEV1/FVC
Before ERT (%) In five years of ERT (%)

73 75

- 72
63 62

- 72
90 90
65 64
78 78
71 64
85 84
72 73

- 67
63 62
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symptoms and signs were present in about one third of Fabry
male patients irrespective of smoking status [22] which equals
results seen in our study. Franzen et al. reported in a retrospective
study that a clinical or subclinical airway obstruction deteriorates
without ERT in both genders referred to matched controls [23]. In
our study, it was not ethically possible to follow patients without
ERT when the criteria for ERT were fulfilled [14].

In our study, nine patients had spirometry available before ERT.
All 12 patients had two or three spirometries during five years
of follow-up. Two females and one male had obstruction before
ERT, and another male borderline obstruction. In five years,
five patients were classified obstructive by the GOLD criterion,
although the real change in FEV1/FVC was unchanged in the
whole cohort. The obstruction did not reverse in any patient.

The effect of ERT on pulmonary parameters have been
inconclusive in previous trials. Shafi N [11], reported stabilization
of pulmonary function parameters on 37 patients at 12 months
follow-up. In the retrospective cohort of 95 patients, the overall
decline in FEV1 was 29 ml per year and was not improved by ERT
Franzen DP, et al. [12]. In our study (12 newly diagnosed patients
with classical R227X mutation), FEV1/FVC values during five-year
ERT were stable in both genders. In another study by Franzen DP,
et al. [12] in males with the classical phenotype, smoking and late
ERT initiation predicted faster FEV1 decline. In that study, 30 of 40
patients received agalsidase-a throughout the whole follow-up.
In our study, majority of patients were treated with agalsidase-3
which might explain different results between the studies.

Pulmonary high-resolution computed tomography in 17 patients
with Fabry disease demonstrated only mild changes in lung
parenchyma, and the findings did not correlate with pulmonary
functional parameters [26]. In our study, no signs of interstitial
lung involvement could be demonstrated. One limitation of
our study is the lack of serial spiroergometry during follow-up.
Patients felt spiroergometry uncomfortable and were unwilling
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