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ABSTRACT

Background: The FAbry STabilization indEX (FASTEX) is an innovative index allowing the assessment of clinical stability
over time in Fabry disease patients. This index was developed in a population of 28 male patients with the classical form of
Fabry disease.

Objectives: The aim of the study was to test the accuracy of the FASTEX in evaluating Fabry disease stability in 132 male
and female patients with classical and non-classical Fabry disease from nine Italian centres and it also aimed to define the
sensitivity and specificity of this new tool. In particular, we aimed to investigate the correlation between the FASTEX and
clinical judgement in a large-scale cohort of the study population.

Methods: Statistical methods applied to this investigation included the calculation of accuracy, specificity and sensitivity,
receiver operating characteristic (ROC) curves and Cohen’s « index related to the FASTEX and clinical judgement.

Results: The patient population included 58 males (43.9%). The mean age of the overall population was 46.3 + 15. 1years
(range 31.2-61.4). The median interval between the two multidisciplinary evaluations used for FASTEX calculation was

398 days. Since no gold standard method is available to define the overall clinical condition of Fabry patients over time, the
results of the FASTEX were compared with clinical judgements given by the physicians involved in this study. In this way,
the FASTEX classified 121 of 132 (92%) patients correctly. In particular, the FASTEX correctly identified 93% (41/44) of
clinically ‘unstable’ and 91% (80/88) of clinically ‘stable’ patients. The area under the curve of the ROC related to the FASTEX
index cut-off (20) was equal to 0.967, very close to its theoretical maximum (1), which means that it is an excellent test for
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classifying patients as ‘stable’ or ‘unstable’ compared with clinical judgement. In addition, the FASTEX cut-off >20 provides
the most acceptable balance between sensitivity and specificity. The Cohen’s k index value obtained in our study was 0.82,
showing a highly statistically significant P-value < 0.01 related to the agreement between the FASTEX and clinical judgement.

Conclusions: The FASTEX is demonstrated here to be a specific and sensitive tool. When applied to a large cohort of Fabry
patients, it was shown to be a valid instrument in helping physicians to discriminate objectively the clinical stability of

individual Fabry patients.

Keywords: a-galactosidase A/a-galactosidase A deficiency, disease progression, disease stability, Fabry disease, organ dys-

function scores

INTRODUCTION

Fabry disease is a lysosomal storage disorder caused by the ab-
sence or reduced activity of the enzyme a-galactosidase A (aGal
A) encoded by the GLA gene located on the X-chromosome locus
Xq21.3-q22. This deficiency leads to the accumulation of glyco-
sphingolipids, predominately globotriaosylceramide, in various
cell types and organs [1, 2], leading to multisystemic clinical
manifestations, including skin lesions, peripheral neuropathy,
stroke, cardiomyopathy and renal failure [2]. Clinical signs and
symptoms may appear in early childhood, with the earliest
manifestations, such as painful peripheral acroparesthesia and
angiokeratomas, occurring in the classical form of Fabry disease
[3]. With age, progressive damage to affected tissues leads to or-
gan failure [2]. End-stage renal disease and life-threatening car-
diovascular or cerebrovascular complications significantly
reduce life expectancy [4, 5|. Some male patients may have less-
severe outcomes with a predominant organ involvement
appearing as they reach adulthood (late-onset variant). Female
patients with Fabry disease may develop clinical signs that
range in intensity from a complete asymptomatic condition to
severe clinical involvement resembling the disease manifesta-
tions of male patients with classical Fabry disease [6-9]. This
clinical heterogeneity is partly explained by the random X-chro-
mosome inactivation (lyonization) [10]. Recently a new clinical
subdivision (‘classical’ and ‘non-classical’) has been proposed to
describe the pleomorphism of the disease [11]. Enzyme replace-
ment therapy (ERT) is available since 2001 and, in the absence
of a clear marker, clinicians need an index to assess the thera-
peutic results. For this reason, in 2016, Mignani et al. [12] devel-
oped a new index called the FAbry STabilization indEX (FASTEX)
that is specifically designed to monitor disease progression/sta-
bility in Fabry patients. The main feature of this index, which
differs from other currently used disease severity scores, is the
quantification of the clinical stability or disease progression be-
tween two consecutive multidisciplinary evaluations through
analysis of a few specific parameters. In the previous FASTEX
publication, which described the statistical methodology
adopted for the development of the index, 28 patients were
tested, leading to the identification of a cut-off value of 20% to
discriminate between stable and unstable patients [12]. In the
present study, we evaluate the accuracy, sensitivity and specif-
icity of the FASTEX in a large multicentre study of patients af-
fected by Fabry disease.

MATERIALS AND METHODS
Patient population

The patient population included 132 Fabry patients from nine
Italian referral centres with complete records of yearly multidis-
ciplinary evaluation and with the most recent follow-up visit

having been performed between January 2017 and June 2017.
Both ERT-treated and untreated patients were included in the
analysis. Treatment with supportive therapies, including blood
pressure-lowering drugs, antiarrhythmic drugs, Angiotensin-
converting-enzyme inhibitor, angiotensin-receptor blockers,
anticoagulants and analgesic drugs, did not represent an exclu-
sion criterion. The clinical criteria used to define patients as sta-
ble or unstable refer to a worsening of parameters that are well
accepted by the international community for each organ (for in-
stance, proteinuria, left ventricular mass, new white matter
lesions etc.) [13-15]. In order to homogenize the clinical assess-
ment of all Fabry patients, a recent minireview published in
2018 by Ortiz et al. [16] was used as the main guidelines to be
taken into account by all treating physicians. For all patients,
signed informed consent for the analysis of their clinical
records was obtained.

Study protocol and FASTEX assessment

Multiple parameters required to calculate the FASTEX were pro-
vided for each patient by participating centres. For each patient,
data obtained at the latest follow-up multidisciplinary evalua-
tion and at the previous evaluation performed at least 6-
12months before were provided. In addition, the investigators
from each centre provided their clinical judgement on disease
stability, classifying each enrolled patient as clinically ‘stable’ or
‘unstable’, blinded to the FASTEX value. Indeed, the investiga-
tors were unable to independently calculate the FASTEX to
guide their clinical judgement since Ibis Informatica calculated
the FASTEX independently.

Statistical analysis

Analysis of data and FASTEX index calculation for each patient
were performed by Ibis Informatica, an independent statistical
advisor based in Milan, Italy, blinded to clinical judgement.
Subsequently Ibis Informatica performed the statistical analy-
sis, matching calculated FASTEX values with the clinical judge-
ment previously provided by the clinical investigators.

Statistical analysis was performed using SAS version 9.4
(SAS Institute, Cary, NC, USA) and charts were drawn using
Excel 2016 (Microsoft, Redmond, WA, USA).

From a clinical point of view, patients were defined as stable
if the levels of organ involvement and symptoms were not sig-
nificantly changed at the second visit compared with the previ-
ous visit. In contrast, patients were considered unstable at the
second visit if there was single or multiorgan involvement that
deteriorated the global condition of the patient.

Correlation between clinical judgement and FASTEX values
was assessed. Accuracy, sensitivity, specificity and unstable
and stable predictive values were calculated based on the corre-
lation between clinical judgement and the FASTEX. ‘Accuracy’
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indicates the percentage of patients correctly classified as stable
or unstable using the FASTEX index. ‘Sensitivity’ was defined as
the proportion of patients defined as ‘unstable’ according to
clinical judgement and who were correctly classified as ‘unsta-
ble’ by the FASTEX. ‘Specificity’ was defined as the proportion of
patients defined as ‘stable’ according to clinical judgement who
were correctly classified as ‘stable’ by the FASTEX. ‘Unstable’
predictive value was defined as the probability that a patient
classified as ‘unstable’ according to clinical judgement was cor-
rectly classified as ‘unstable’ by the FASTEX. ‘Stable’ predictive
value was defined as the probability that a patient classified as
‘stable’ according to clinical judgement was correctly classified
as ‘stable’ by the FASTEX. Moreover, two statistical tests were
also evaluated: the receiver operating characteristics (ROC)
curve and the Cohen’s x index.

The ROC is often used to describe the discriminative abilities
of different tests or raters or may be used to explore the trade-
offs between sensitivity and specificity for a test. An advantage
of ROC analysis over traditional sensitivity and specificity anal-
yses is that the ROC’s area under the curve (AUC) is indepen-
dent both from the cut-off point criterion chosen (a threshold of
20% for the FASTEX) and the prevalence of the outcome of inter-
est. In particular, the ROC is constructed from a set of (x, y)
points, where x is the proportion of false positives (1 — specific-
ity) and y is the proportion of true positive results (sensitivity).
The x and y axes of the ROC plot both range from 0 to 1. The typ-
ical curve will be convex and located above the diagonal from
(0, 0) and (1, 1), the ‘chance line’. An ideal curve, representing an
effective operator or test, will pass close to the point with coor-
dinates (0, 1), whereas a curve near the diagonal represents an
operator or test that is a poor predictor of the true outcome. The
AUC is the most commonly used quantitative index used to de-
scribe the ROC, ranging from 0 (worst predictor) to 1 (best pre-
dictor). The ROC in this clinical research was used to assess the
specificity and sensitivity of the FASTEX to predict clinical
judgement classification as ‘stable’ or unstable’.

The authors declare that all procedures followed were in ac-
cordance with the ethical standards of the responsible commit-
tees on human experimentation (institutional and national)
and with the Helsinki Declaration of 1975, as revised in 2000.
Informed consent was obtained from all patients included in
the study.

Cohen’s k measures the agreement between two tests (in this
case the FASTEX versus clinical judgement). Cohen’s x ranges be-
tween O (no agreement at all) and 1 (perfect agreement).

RESULTS

Characteristics of the patient population are summarized in
Figures 1 and 2. The patient population included 58 males
(43.9%). The mean age of the overall population was 46.3 *
15.1years (range 31.2-61.4), with a mean age of 45.8 in males
(range 14-77) and 46.8 in females (range 17-82) (Figure 1).
Figure 2 reports the results of the FASTEX according to age and
gender across the whole patient population.

All patients involved in this clinical research have been clas-
sified as classical phenotype, late-onset phenotype and ‘others’,
where ‘others’ means patients carrying a genetic variant of un-
known significance (Table 1). The classification of patients as
classical, late-onset phenotype or others was based on the gen-
otyping reported in the Fabry database (www.fabry-database.
org).

Classical phenotypes were observed in 76.5% of patients,
with 14.4% presenting the late-onset variant of the disease.
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FIGURE 1: Age and gender population stratification.
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FIGURE 2: FASTEX related to patients’ age and gender stratification.
Stable: FASTEX index <20%
Unstable: FASTEX index >20%.

Table 1. Population phenotype

Phenotype n (%) FASTEX <20% FASTEX >20%
Classical 101 (76.5) 53 48
Late onset 19 (14.4) 14 5
Other 12 (9.1) 8 4
Total 132 (100) 75 57

Ninety-nine patients were under treatment with ERT (58
patients treated with agalsidase o 0.2mg/kg of body weight
every other week and 38 patients treated with agalsidase B
1.0 mg/kg of body weight every other week), 3 switched patients
were in treatment with oral chaperone migalastat (123mg
migalastat once every other day) and 33 patients were untreated
(Table 2). The FASTEX was calculated at the second visit for all
patients regardless of what treatment was being received. As
reported in Table 2, within the untreated patient population
(n=28), 10 patients showed a FASTEX >20%. Within the patient
population treated with agalsidase o at the second visit (n=54),
23 patients (43%) reported a FASTEX >20%. Regarding the patient
population treated with agalsidase § (n=47) at the second visit,
16 patients (34%) reported a FASTEX index >20%. In this clinical
research, three patients were receiving migalastat, none of which
reported a FASTEX >20% at the second visit. The median interval
between the two multidisciplinary evaluations used for FASTEX
calculation for all patients involved was 398 days.

From a clinical point of view, the treating physicians judged
88 patients as stable and 44 patients as unstable; the FASTEX
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Table 2. Population treatment

FASTEX >20%

Treatment First visit, n (%) Second visit, n (%) at second visit, n (%)
Untreated (no ERT; no chaperone treatment) 33(25) 28 (21.2) 10 (36)
Agalsidase o 58 (43.9) 54 (40.9) 23 (43)
Agalsidase B 38 (28.8) 47 (35.6) 16 (34)
Migalastat 3(2.3) 3(2.3) 0(0)
Total 132 (100) 132 (100) 49
ROC CURVE Table 5. Cohen’s « index value

Cohen’s k index

Value (95% confidence interval) Probability Significance

0.82 (0.72-0.92) < 0.0001 P <0.01

Sensitivity

AUC = 0.967
95% C.l. = 0.90 - 0.99

0 01 02 03 04 05 06 0.7 08 09 1
1 - Specificity

FIGURE 3: ROC.

The AUC of the ROC curve related to the FASTEX index cut-off (20) is equal to
0.967, very close to its theoretical maximum (1), which means that it is an excel-
lent test for discriminating between ‘stable’ and ‘unstable’ patients.

Table 3. FASTEX versus clinical judgement

Clinical judgement
FASTEX index Unstable, n (%) Stable, n (%) Total, n
>20 41 (93) 8 49
<20 3 80 (91) 83
Total 44 (100) 88 (100) 132

Table 4. Accuracy, sensitivity, specificity and predictive values

Statistical values Value (95% confidence interval)

Accuracy 91.7 (85.6-95.8)
Sensitivity 93.2 (81.3-98.6)
Specificity 90.9 (82.9-96.0)
‘Unstable’ predictive value 83.7 (70.3-92.7)
‘Stable’ predictive value 96.4 (89.8-99.2)

correctly classified 121 of 132 (92%) patients. In particular, the
FASTEX correctly identified 93% (41/44) of patients classified as
unstable by clinical judgement and 91% (80/88) of patients clas-
sified as stable by clinical judgement (Table 3). The unstable
predictive value of the FASTEX was 0.84 (41/49) while the stable
predictive value was 0.96 (80/83) (Table 4). The AUC of the ROC
related to the FASTEX cut-off (20) was equal to 0.967, very close
to its theoretical maximum (1), which means that it is an
excellent test for categorizing patients as stable and unstable
according to clinical judgement (Figure 3). In addition, the
FASTEX cut-off >20 provides the most acceptable balance

between sensitivity and specificity. The Cohen’s « value
obtained in our study was 0.82, showing high statistical signifi-
cance (P <0.01) related to agreement between the FASTEX and
clinical judgement (Table 5).

DISCUSSION

Fabry disease is a chronic storage disease characterized by
progressive organ damage and major clinical events. ERT has
been demonstrated to be effective in preventing major compli-
cations and in slowing disease progression, mostly when ad-
ministered early in the disease course. Early diagnosis of
organ damage and early treatment are essential for optimal
management. On the other hand, multidisciplinary follow-up
and periodic assessment of target organ damage is mandatory
to optimize treatment. In fact, there is growing evidence that
the therapeutic approach must be optimized in terms of ERT
timing and dosage and in terms of additional therapies,
according to genotype, metabolic profile and the rate of dis-
ease progression. Thus, defining disease stabilization or pro-
gression is mandatory to optimize Fabry patients’
management. However, from our point of view, no biomarker
or clinical score has so far been demonstrated to be reliable
enough for monitoring of the disease’s course [12, 17, 18]. This
also happens because the changes of indices, such as the re-
duction of estimated glomerular filtration rate or left
ventricular hypertrophy, which are commonly used to assess
patients, occur well after tissue injury has occurred. Therefore
clinical laboratory data need to be collected to monitor
patient’s outcomes.

We recently introduced the new FASTEX in a small patient
population in order to quantify disease progression and define
clinical stability. In that study we hypothesized a possible cut-
off of the stability value of <20% [12]. However, this study
enrolled a limited number of patients and it was therefore
mandatory for us to validate the FASTEX in a larger cohort of
patients.

In the present study we have demonstrated the high accu-
racy of the FASTEX in defining disease stability or progression
when compared with the treating physician’s clinical judge-
ment in a larger and heterogeneous population of Fabry disease
patients. The cut-off of 20% was revealed to be effective in dis-
tinguishing stable and unstable patients with very high specific-
ity and sensitivity (91% and 93%, respectively). In addition, the
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ROC was shown to be very close to a value of 1, further confirm-
ing that 20% can be considered to be a realistic cut-off to dis-
criminate between ‘stable’ and ‘unstable’ patients. These
results are also confirmed by the Cohen’s « value of 0.82, which
shows high statistically significant (P<0.01) agreement be-
tween the FASTEX and clinical judgement. In this larger study,
the value of the FASTEX was confirmed, notwithstanding an in-
crease of heterogeneity of the data due to the number of differ-
ent participating centres with different medical specialties and
the non-uniform approach of the disease.

Moreover, given the heterogeneity of the study population,
the performance of the FASTEX in both males and females with
classical and non-classical disease and in both early and ad-
vanced disease was excellent. The reliability of the FASTEX was
also confirmed in treated and untreated patients. The main ad-
vantage of the application of the FASTEX in routine clinical
practice refers to the possibility of all physicians treating Fabry
patients, particularly those in peripheral centres, having a stan-
dardized way to monitor the condition of Fabry patients, en-
abling the early detection of disease progression as well the
assessment of disease stability or progression through periodic
follow-up, particularly in patients with advanced organ involve-
ment at baseline.

Finally, the need for indices for assessment of the stability
and progression of Fabry disease was noted in a recent publica-
tion of the European expert consensus statement on therapy in
Fabry disease [19], where maintenance of the clinical stability of
several parameters (pain, left ventricular hypertrophy, protein-
uria, GFR etc.) was listed as an important therapeutic goal for re-
search on Fabry disease.

Limitations of the study

Since there are, to our knowledge, no other publications in the liter-
ature that evaluate the clinical stability of Fabry patients, one of
the limitations of this study could be the lack of data for compari-
son with our results. More comparative studies involving clinical
judgement are required to better evaluate the potential of this in-
novative tool in routine clinical practice. Clinical judgement is cur-
rently the only method of evaluating the overall clinical condition
of Fabry patients. However, the main bias of this approach is the
subjectivity of clinical judgement among physicians treating Fabry
patients. The FASTEX aims to standardize clinical evaluation and
thus avoid any subjective judgement.

Another limitation is that the study is retrospective; there-
fore our findings did not allow us to determine whether the
FASTEX may also represent a prognostic stratification tool.
Prospective studies may provide new insights into the prognos-
tic value of disease stability versus progression as assessed by
the FASTEX.

In the present study, a possible correlation between the
FASTEX and changes in globotriaosylsphingosine was not eval-
uated, as this parameter was not available in a sufficient num-
ber of cases.

Finally, the FASTEX was not compared with currently avail-
able and used indices (Mainz Severity Score Index, Fabry
Disease Severity Scoring System) with respect to their associa-
tion with clinical judgement. Thus it is unknown whether one
of the three indices (and if so which) is superior in this respect.

CONCLUSIONS

In a large and heterogeneous population of patients with Fabry
disease, we confirmed that the FASTEX is a reliable index for

FASTEX in large population of Fabry cases | 69

the assessment of disease progression or stability. Clinical
application of the FASTEX aims to optimize the management of
Fabry patients who are either untreated or are treated with
specific therapies like ERT or chaperone therapies.
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